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LEWIS MILLS NORTON, PH.D. 

R. LEWIS MILLS NORTON, a member of the Council 
[) of the American Chemical Society, died after a short ill- 
ness on April 26, 1893. He was born in Athol, Mass., and was 
the only son of the Rev. John Foote Norton and Ann Maria 
Mann. His early youth was spent in Athol, Wellesley, and 
Natick, Mass., and in Fitz William and Keene, N. H. 

He was an earnest student of chemistry at the Institute of 
Technology for three years, from 1872 to 1875, when he was 
appointed assistant in analytical chemistry, in which capacity 
he served for two years. In May, 1877, he went to Europe and 
continued his chemical studies at Berlin, Paris, and Gottingen 
until August, 1879, and received his degree of Doctor of Philoso- 
phy from the University of Gottingen. 

On his return to this country he entered the Amoskeag Manu- 
facturing Company, of Manchester, N. H., as chemist, where 
he gained valuable practical experience which strongly influ- 
enced his subsequent career as a teacher of industrial chemistry. 

In 1881 he returned to the Massachusetts Institute of Tech- 
nology as instructor in general chemistry. In 1883 he was 
appointed assistant professor in organic chemistry, and in 1885 
associate professor in organic and industrial chemistry. The 
combined duties of these two growing departments proved to be 
too much for one man to carry, and Dr. Norton gave up the 
systematic instruction in organic chemistry at the end of the 
Institute year in 1891, and after that time devoted his entire 
thought and strength to the subject of industrial chemistry, in 
which he was deeply interested. 
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In 1888 the faculty of the Institute of Technology, upon the 
scheme presented by Dr. Norton, founded the course in chemical 
engineering. That a course of study was needed which should 
add to a thorough training in mechanical engineering a fair 
knowledge of general, theoretical, and applied chemistry, was 
at once evident from the number of students of fine scholarship 
who entered the new course. Under Dr. Norton’s fostering 
care the course in chemical engineering increased in numbers 
and efficiency. He gave it his best thought and effort, and 
happily saw before his death the course established on a firm 
foundation. 

The kind of work for which the students are fitted in the 
course in chemical engineering at the Institute of Technology 
may be seen in the titles of the students’ thesis work, which 
was superintended by Dr. Norton. In many cases, as will be 
seen in the list which follows, the investigations necessitated on 
the part of the student a knowledge both of the principles of 
chemistry and of mechanical engineering. 


The Commercial Production of Oxygen by Electrolysis. 

A Study of the Effect of a Live Steam Feed-Water Purifier on the 
Composition of the Feed-Water. 

On the Production of Chlorine and Sodium Hydrate by the Elec- 
trolysis of Common Salt. 

On the Heat of Vaporization of Ammonia. 

Experiments upon the Relative Effect of Burners for Fuel and 
Illuminating Gases. 

An Experimental Investigation of the Bisulphite Process of Making 
Chemical Fiber. 

The Conditions of Maximum and Minimum Sulphuric Anhydride 
Formation in Burning of Sulphur. 

The Explosion of Kerosene Lamps. 

Experiments with Alloys Suitable for Digesters Used in Making 
Chemical Fiber by the Bisulphite Process. 

On the Effect of the Aniline Black Process upon the Strength of 
Cotton Fiber. 

An Investigation of the Efficiency of a Mechanical Stoker. 

The Electrolytic Deposition of Nickel. 

An Investigation into the Amount of Heat Lost in the Flue Gases 
from Steam Boilers. 

An Investigation of the Specific Heat of Brines. 


The professional papers contributed by Dr. Norton to various 
scientific and technical journals were very numerous, and in- 
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cluded a wide range of subjects. The following list includes 
his more important papers: 


1878. (With A. Michael.) Ueber die Einwirkung des Chlorjods auf 
Aromatische Amine. Ber. d. chem. Ges., 1878, 107. 

1879. Ueber die Einwirkung von Chlorjod auf die Amine der Ben- 
zolreihe. Inaugural Dissertation. Pph., 8vo, pp. 36. Gottingen. 

1879. (With A. Michael.) On the Action of Iodine Monochloride 
upon Aromatic Amines. Am. Chem. /., 1, 255-267. 

1880. (Withsame.) On Alpha—and—Beta Monobromcrotonic Acids. 
Id., 2, 11-19. 

1884. (WithC.O.Prescott.) Continuous Etherification. /d., 6, 241-246. 

1884. (With W. R. Nichols.) Laboratory Experiments in General 
Chemistry, compiled for the Use of Students of the Mass. Insti- 
tute of Technology. Pph. 12mo, pp. 58 and viii. Boston, 1884, 
1885, 1886, 1887. : 

1885. Coal Tar, and the Colors Derived from It. Proc. Soc. Arts, 
M. I. T., 1884-85, 29-33. 

1885. Minor [Chemical] Investigations. Am. Chem. /., 7, 114-120. 

1885. (With A. W. Allen.) Ueber die Einwirkung der verdiinnten 
Salpetersaure auf die Anilide. Ber. d. chem. Ges., 18, 1995-1999. 

1886. (With C. W. Andrews.) The Action of Heat on Liquid 
Paraffines. dm Chem. /., 8, 1-9. 

1886. (With A. A. Noyes.) On the Action of Heat upon Ethylene. 
Id. 4; 362. 

1887. (With H. J. Williams.) On the Action of Bromine on Isobu- 
tylene. /d., 9, 87. 

1887. (With C. B. Kendall.) Preparation of Alizarine Assistant 
and Its Action in Turkey-Red Dyeing. Teatile Record, 1887, 227. 

1887. (With W. D. Livermore.) Ueber die Einwirkung von ver- 
diinnter Salpetersaure auf Substituirte Amidoverbindungen. 
Ber. d. chem. Ges., 20, 2268. 

1887. (With H. A. Richardson.) Ueber Leinolsaure. J/d., 20, 2735. 

1887-1888. The Dyeing of Cotton Yarn. Textile Record. A series 
of Articles from June, 1887, to March, 1888. 

1888. (With H. A. Richardson.) On the Fatty Acids of the Drying 
Oils. Am. Chem. /., 10, 57. 

1888. Character and Effect of Illuminants Present in Coal Gas. 
Technology Quarterly, 1, 30. 

1888. Natural Gas. Proc. Soc. Arts, M. I. T., 1887-1888, 74. 

1888. Bleaching. A series of articles in the 7extile Record, begin- 
ning May, 1888. 

1888. (WithA. A. Noyes.) Note on the Butines. 4m. Chem._/., 10, 430. 

1889. The Composition of Boston Gas. Am. Gas Light /., 50, 303. 

1889. Cutch and Its Uses in Textile Coloring. 7Zextile Record, 
1889, 34, 66. 

1890. (With Herbert C. Tuttle.) Lactic Acids and Lactates in 
Textile Coloring. Technology Quarterly, 3, 287. 

1890. Carbonization of Wool. Textile Record, 11, 64, 96. 

1891. Notes upon the Estimation of Chlorine in Electrolyzed Solu- 
tions. Technology Quarterly, 4, 361. 
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Dr. Norton’s influence on high scholarship at the Institute of 
Technology was felt in all departments of chemistry. The 
book of experiments in general chemistry, which he compiled in 
connection with the late Professor Nichols, has been a most 
valued aid to instruction at the Institute and has been largely 
used at other schools. 

In organic chemistry his instruction was on a high plane, 
yet he never lost sight of the importance, in a school of this 
character, of insisting on the industrial applications of scientific 
research. 

But it was in the teaching of industrial processes where he 
especially excelled. His lectures were listened to with eager- 
ness by his pupils, who recognized the master who could deal 
with equal facility with the scientific basis of a process and with 
its economic merits. His range of subjects in industrial chem- 
istry was very wide. Not only were the textile industries, 
bleaching, dyeing, printing, pigments, etc., thoroughly taught, 
but the great industries of the world in their manifold variety 
received from him exhaustive treatment. His intimate acquaint- 
ance with the manufactures and manufacturers in New England 
kept him in close touch with the progress of all its industries. 

Dr. Norton’s career as a chemist and teacher is remarkable 
for the amount and variety of good work which he accomplished 
in his short span of life, which had not reached two score years 
at his death. The Institute of Technology, with which his life 
was so largely identified, lost in his death not only one of its 
most valued teachers, but one of the most useful members of its 
faculty. His judgment, both in matters of general policy of the 
Institute and of the minute details of organization, was always 
highly prized by his associates. 

His personal character was singularly simple, direct and 
truthful, and was unselfishly devoted to his family, his friends, 
and his students. 

In 1883 Dr. Norton married Alice Peloubet, who, with five 
children, survives him. 

T. M. Drown. 
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THE CONSTITUTION OF THE LITHIA MICAS. 
By F. W. CLARKE. 
Received July ro, 1893. 

N a series of papers published during the past eight or nine 
| years,’ I have sought to develop the theory that the com- 
plex natural silicates are chemically to be considered as substi- 
tution derivatives of simple normal salts. For the micas, in par- 
ticular, a theory has been worked out in detail, partly on general 
principles, and partly on the basis of experimental evidence, in 
which the starting point of the series is the normal aluminum 
orthosilicate Al,(SiO,),, with occasional replacements of the 
orthosilicic groups by the feldspathic group Si,O,. Thus we 
have the following systematic scheme: 


Nariel dtlicic cccccccesctweestslce cues Al,(SiO,), 
Muscovite....--.-- eee ee Al,(SiO,),R', 
Biatile sino ok eecs ark pisiltcdeceands Al,(SiO,),R"’,R’, 
Phlogopite -.-. +--+ sess. cagiiwastenend A1(SiO,),;R";R’, 
/oNpe 
CRuduaihas vcccis vcave ‘Fits dee vases hh 
\Si0,=R’, 


This scheme is modified, however, not only by the assumption 
that SiO, may be replaced by Si,O,, as in the feldspars, but also 
by other considerations due to the presence of fluorine in many 
micas, etc., etc. In the cases of the lithia micas, lepidolite, 
zinnwaldite, cryophyllite, polylithionite, etc., such modification 
is absolutely necessary; and hitherto it has been covered by the 
supposition that the fluorine is represented by the univalent 
group AIF,, among the components of R’. 

Naturally, and almost necessarily, the development of any 
such theory is by process of evolution, in which details held 
provisionally at first are replaced by simpler conceptions, ren- 
dered possible by the acquisition of newevidence. A simplifica- 
tion of this order is the purpose of the present communication. 

Structurally considered, the lithia micas are all characterized 
by two special features, an oxygen ratio lower than that of the 
orthosilicate, and the presence of fluorine. The first of these 


1 Bulletins of the U. S. Geological Survey, Nos. 27, 42, 55, 60, 64, 78, and go. 
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peculiarities has already been explained by the presence of 
the group Si,O, replacing SiO,, and the second is now rendered 
intelligible by assuming that the clintonite type may also be re- 
placed by a molecule of the structure 

7¥ 

Al-—F 

\SiC,=R’, 
or its equivalent in the corresponding polysilicate. For exam- 
ple, in the polylithionite described by Lor-nzen, SiO, is entirely 
replaced by Si,O,, and the assumption the latter group is 
thus fully vindicated. The analogy of the is spars was strong 
evidence in its favor; but now we have what may fairly be re- 
garded as positive proof. Polylithionite may now be considered 
as a mixture of the two molecules 


/F / SisO,=Na,K 
Al—F and Al—Si,0O,= Na,K 
\ $i,0,=Li,; \Si,0,=Na,K 


in the ratio 5:1; whence we get the iollowing comparison be- 
tween observation and theory: 











Found. Calculated. 
SiO, 59.25 59.80 
Al,O; 12.57 12.70 
FeO 0.93 sees 
K,O 5-37 5-85 
Na,O 7.63 re 
11,0 9-04 9-34 
F 7:32 7-93 

102.11 103.34 
O=F 3.08 3-34 

99-03 100.00 


The small amount of ferrous impurity, and the low summa- 
tion of the analysis, fully account for all the variations between 
the two columns of figures, both as regards their magnitude and 
their direction. 

In the light of the foregoing evidence, and of the mica theory 
in general, the lepidolites proper, such as occur in Moravia and in 
Maine, become easily explainable. All of their variations in 
composition are covered by the supposition that these micas con- 
sist of mixtures in different proportions, of two typical molecules; 
one the compound AIF,.Si,O,.R',, with lithium as the princi- 
pal constituent of R', and the other a muscovitic molecule, 












a- 
en 
nd 











CONSTITUTION OF THE LITHIA MICAS. 





247 


Al,(SiO,),R', in which R', may be either K,H or KH,. Two 
such mixtures may be considered here: first, the two mole- 
cules AIF,.Si,O,.Li, and Al,(SiO,),K,H, in the ratio 1:1; and 
second, the three compounds AIF,.Si,O,.K,, AIF,.Si,O,.Li,, and 
Al,(SiO,),KH,, commingled in the ratio 1:2:2. These mixtures 
correspond to the following percentage compositions : 














First. Second. 

SiO, 49.05 50.39 
Al,O, 27.79 25.70 
K,O 12.81 13.16 
Li,O 6.13 5-04 
H,O ¥.22 2.01 
F 5.18 6.38 

102.18 102.68 
Less O 2.18 2.68 

100.00 100.00 


For purposes of comparison with these figures, the following 
analyses of typical lepidolites are quite sufficient, as they cover 
all important variations: A, Rozena, by Berwerth; B, Schitten- 
hofen, by Scharizer; C, Paris, Maine; D, Hebron, Maine; E, 
Norway, Maine; F, Rumford, Maine. The last four analyses 
are by Riggs. 

















A.l B.2 int D. E. F. 

SiO,.--+- ++. 50.98 49.25 50.92 48.80 49-52 51.52 
Al,O, .--.--- 27.80 25.27 24.99 28.30 28.80 25.96 
Fe,0, ste tees 0.30 0.29 0.40 0.31 
FeO ...-.--- 0.05 0.84 0.23 0.09 0.24 sees 
MnO .....- + eee 0.85 trace 0.08 0.07 0.20 
CaO...- «--- sees trace 0.10 0.13 0.16 
MgO ....--- see sees trace 0.07 0.02 0.02 
(0 aoe 5.88 5.38 4.20 4.49 3.87 4.90 
Na,O...--+++ see 0.35 ach! 0.74 0.13 1.06 
K,0..-+-.+-- 10.78 13.85 11.38 12.21 8.82 11.01 
Rb,O.....-..- eae trace 73 Pe ee 
Cs,0.... «0. aaa trace 0.08 pay se 
H,0.... «..- 0.96 1.76 1.96 1.73 4.972 0.95 
indacce See 7.88 5-68 6.29 4.96 5-18 5.80 

104.33 103.23 102.38 101.86 102.71 101.89 
Less O.....- 3.32 2.39 2.64 2.02 2.18 2.44 

















IOI.O1 100.84 99-74 99.84 99-53 99.45 


1 Also contains 0.05 P,O,. 
2 Also contains 0.06 SnOg. 
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In the first of these lepidolites, the mineral from Rozena, a 
slight variation from the scheme must be assumed, due to the 
excess of fluorine and the low proportion of alkalies. These 
peculiarities are easily accounted for by supposing a small ad- 
mixture of the molecule AIF,.Si,0,.Al; which corresponds to 
the type already indicated, and which is justified by other evi- 
dence. Inthemineral cookeite, recently re-analyzed by Penfield,’ 
we find what appears to be the vermiculite of the lepidolite 
series; with nearly all the alkalies but lithia removed, and 
with fluorine replaced by hydroxyl. Penfield’s analysis of it 
reduces easily to the type 


/ OH 
Al—OH 

\ Si0=R',; 
and in detail to a mixture of the three molecules Al(OH),.SiO,.Li,, 
Al(OH),.SiO,.H,, and Al(OH),.SiO,.Al, in the ratio 10: 14:33. 
Reducing Penfield’s analysis by uniting Fe with Al, the remain- 
ing bases with Li, and F with OH, and throwing out water lost 
at or below 300°, we get the subjoined comparison between ob- 
servation and theory. 


Found. Reduced. Calculated. 
(0 See 34.00 35-01 34.68 
Al,Og- oe eee ec cece cece ccees 45.06 } 

Oo 6. 6.53 
Sih dss ks exnner'es vies 0.45 J os" 40.53 
CO i caves cevcesecéesn secs 0.04 } 

K,O PCR ae tabs es sheensisane 0.14 | 

Na,O. ooeee cccccs cece ccees 0.19 | 

Li,O cece re cers eeeees eeeee 4.02 J 4.29 4.56 

H,O below 300°.......-+-- 1.82 whe ough 

H,O above 300°.....-....-- 13.14) 

Fcc cccs cece cece ccccccccce fe) 46 J 13-99 14.23 
99-32 100.00 100.00 


In the lepidolite from Juschakova, analyzed by Rammelsberg, 
we find a connecting link between the lepidolites proper and the 
iron-lithia micas zinnwaldite and cryophyllite. The Juschakova 
mineral is easily represented as a mixture of molecules like the 
other lepidolites, except that a portion of the typical AIF,.Si,O,.R’; 
is replaced by a similar molecule AIF,.Si,O,.MnLi. In detail it 


1Am. J. Sci., May, 1893. 
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seems to contain the molecules Al,(SiO,),K,H; AIF,.SiO,.A1; 
AIF,.Si,O,.MnLi, and AIF,.Si,O,.Li,K, in the ratio 2:1:3:6. 
Calculating its composition upon this basis, we get the follow- 
ing comparison with Rammelsberg’s analysis: 








Found, Reduced. Calculated. 
SiO, oes ee cccnee cece ccccee 50.26 50.26 50.33 
A1,Oy. + ee ee cece cece cccceee 21.47 21.47 21.39 
Ry RRR Ay ter Seeoy ee 5.36 5.36 5.26 
KO. 22 cece cece ceecce cece 11.08 11.08 11.60 
Na,O Were ceri ee ee 0.54 i 
LinO. +002 eeecee cece ccceces 4.88 J 5-14 5-55 
HO -- 22 ccccee cscs voce cece 0.66 0.66 0.44 
cass s wsinwussecamecnoncs 8.71) 9-33 9.38 
3 PROC ORE TT ROC ee 1.16 f 

104.12 103.30 103.95 
LeSS Qu. cccccccccccccccces 3-92 3-92 3-95 

100.20 99.38 100.00 


As for the iron-lithia micas, zinnwaldite and cryophyllite, a 
detailed discussion now would be premature; for the reason that 
alternative formulae, agreeing equally well with the recorded 
analyses, are possible. The complication is due to the iron, 
which may be regarded either as belonging to a molecule of the 
type AIF,.Si,O,.Fe"R'; or toa biotitic molecule Al,(SiO,),Fe",R’,. 
The zinnwaldite analyses of Berwerth and Rammelsberg are 
easiest interpreted as representing mixtures of AIF,.Si,O,.FeLi, 
and Al,(SiO,),K,, in the ratio 5:2, approximately. Cryophyl- 
lite, on the other hand, according to analyses by Riggs, is most 
simply represented by the composition 

Al,X,KH,+2(Al,X,Fe,H,)+3(AIF,.X.K,)+4(AIF,.XLi,); 
in which X corresponds to the two acid groups SiO, and Si,O, 
in the ratio 1:3. ‘This interpretation is based in part upon the 
fact that cryophyllite occurs in margins upon plates of annite, 
which is a lepidomelane of the biotite type. The iron in cryo- 
phyllite, however, may also be regarded as present in the mole- 
cule AIF,.Si,O,.Fe"R', as in zinnwaldite; and between this inter- 
pretion and the other there are no adequate grounds for decid- 
ing. Taking the formulae as given above, Rammelsberg’s 
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analysis of zinnwaldite, and the mean of Riggs’ three analyses 
of cryophyllite compare as follows: 








Zinnwaldite. Cryophyllite. 

Found. Calculated. Found. Calculated. 
SiO, cccsccccsess ssevesee 46.44 47.55 51.86 51.95 
A1,Og-occscccccovcccce cece 21.84 21.19 16.50 18.13 
Fe,Oge-+- eee cree cece cee 1.27 come 2.98 énee 
FeO. ccccc cece ccccccss cece 10.19 13.60 6.65 7.52 
MED b.6 dtd 5:06: «0 wield sin'es 60.0 1.57 eee 0.21 cece 
cc cc siccvecetues peewee eves epee 0.04 
MgO. -eeee coecce cece ccees 0.18 sees 0.07 cose 
LigO- coece coccccccvcceece 3-36 2.84 4.89 4.71 
Na,O Se EC Pe ene 0.54 ee 0.79 en 
K,0-occcecscscscscccccccs 10.58 10.66 10.61 12.26 
}s 6 Ree eee 1.04 see 1.29 1.41 
| JEEP AOTC eR eee eee 7.62 7.18 7.08 6.94 

104.63 103.02 102.97 102.92 


In general, it seems highly probable that the lithia micas are 
all characterized by the presence of the groups AIF,.X.R',, 
AIF,.X.R"R', and AIF,.X.Al; in which X may be either SiO, or 
$i,O,, and with the fluorine replaceable by hydroxyl] in the pro- 
cess of vermiculitization. In the original form of the mica 
theory, the group AIF, was regarded as the equivalent of R’ 
in a molecule of the muscovite type. It is now represented as 
belonging to a distinct molecule analogous to clintonite. So 
far as the evidence goes, this interpretation seems to be satisfac- 
tory; and it is an advance upon the earlier scheme in the direc- 
tion of simplicity: 





CHEMICAL NOTES FROM THE COLUSIBIAN EXPOSITION, 
I, 
By J. H. Lone. 
Received August 2, 1893. 


HE various exhibits of the Exposition in Chicago are 

grouped under twelve heads or departments. Those speci- 
ally interesting from a chemical standpoint are found in the 
departments of Agriculture (A), Mines, Mining and Metallurgy 
(E), Manufactures (H), Electricity and Electrical Appliances 
(J), and Liberal Arts and Education (L). Certain departments 
occupy special buildings. The exhibits in several departments 
are scattered through a number of buildings. 
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In order to convey aclear idea of what chemistry has done to 
make the Exposition interesting and instructive it will be found 
best to study the departments separately, and in the order given 
above. In most instances it is not my intention to go into 
details but to sketch in outline what is shown. 
DEPARTMENT A.—AGRICULTURE. 

We have here really three classes of exhibits, with interest for 
chemists. ‘The first illustrates chemical methods applied to agri- 
culture, the second the materials which chemistry has given to 
the farmer to increase production, and the third the results 
obtained both in the experimental station and onthe farm. The 
application of chemical science to the solution of agricultural 
problems is of comparatively recent origin and several of the 
transatlantic countries had taken long strides in this direction 
before a beginning even was made in the United States. The 
work of Lawes and Gilbert, Boussingault, Koenig, Maerker and 
others, following the pioneer investigations of Liebig in time 
produced its effect this side of the ocean and the Fair at Jackson 
Park shows what has been done since enthusiasm in the 
United States was first aroused. 

As long as great tracts of virgin prairie or timber soil lay at 
the disposition of the farmer for little more than the mere asking, 
and as long as crops of some sort could be raised on this soil 
with comparatively little labor it was useless to ask the husband- 
man to follow a rational system in his field or dairy. A few 
crops could be easily raised and these brought a fair price and 
there was but little outside competition; why, therefore, try any- 
thing new? But times change; fast steamers and cables under 
the sea have brought the people of the earth near together. 
The American farmer found new markets for his produce, but 
he found, also, new competition to meet and the men of science 
were called in to help him. Agricultural colleges and experi- 
mental farms have sprung up all over the country and the work 
in them has been stimulated by grants from the national govern- 
ment and by strong suggestive influences growing out of the 
association of agricultural chemists from all parts of the union. 
Forty-nine of these experiment stations are regularly endowed 
with an annual grant of $15,000 each from the general govern- 
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ment, besides a greater or less sum from other sources, while 
other stations from time to time receive special endowments for 
special work. 

The chemical division of the Department of Agriculture at 
Washington has done most excellent work and its exhibit 
attracts no little attention. This division has published thirty- 
seven bulletins, of which number 13 appears in parts, eight of 
which are out with probably four to follow. Several of these 
bulletins have become standard authorities on special topics. 
The Department has erected a model laboratory in the north- 
east corner of the government building and in it are shown 
apparatus and processes for numerous exact determinations. 
Some of the equipment is new and some was brought from the 
Washington laboratory. The interested visitor will find here 
among other things a large model Landolt polariscope (by 
Schmidt and Haensch) and an attachment for this or similar in- 
strument for production of constant homogeneous light (see 
March number of this Journal). 

Also apparatus for sampling and analysis of mother beets; 
apparatus for evaporation of liquids at low temperatures; 
apparatus for recovery of alcohol; apparatus for cutting green 
fodders for analysis; a laboratory work table of special design 
with drainage toward the center; steam vacuum and pressure 
pumps and several small pieces of apparatus recently designed. 

Asis well known the laboratory has given much attention to 
the sugar question, thanks to the lively interest shown by the 
chief chemist of the Department, Dr. H. W. Wiley, and the 
exhibit is especially full in appliances employed in the researches 
in this industry. 

In the Agricultural Building the laboratories of the experiment 
stations have united in making a collective exhibit of considera- 
ble interest, but popular, rather than scientific in many features. 
A model laboratory of an experiment station is shown with 
practically all the apparatus needed for regular work. ‘There is 
a good collection of apparatus employed in the analysis of milk 
and in the examination of water by quick processes. Maps and 
photographs show the location and character of the important 
agricultural chemical laboratories of the country, while literature 
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for free distribution gives information about the work of the 
leading stations. Once a year the Association of Official Agri- 
cultural Chemists holds a meeting, usually well attended by 
representatives from the laboratories in all parts of the country, 
at which old and new methods are discussed and at which the 
“official’’ processes for various determinations are decided on. 
The labors of this association have been productive of the 
highest good and the annual volume of proceedings finds many 
readers outside of the society. Much of the regular work of the 
members of the station staffs is published in the Axperiment 
Station Record, which is issued at Washington under the 
auspices of the U. S. Dept. of Agriculture, with Mr. A. W. 
Harris as Director of Stations. The Record is now in its fifth 
year; it contains original chemical work from home stations, 
reviews of work done abroad in laboratories and practical results 
from harvesting of crops. 

In the French section of the agricultural building there is a 
display illustrative of work done in some of the schools and 
stations of France. There are pieces of apparatus, models, 
charts, diagrams, maps, and photographs, a large number of 
books and reports for examination and some literature for 
distribution. 

Dr. Ernest Milliau of the Marseilles Technical Laboratory 
makes an exhibit of charts in illustration of his methods of test- 
ing oils and fats. (See paper in March number of this Journal). 

The agricultural schools and stations of Germany and Eng- 
land do not appear to be represented by any independent ex- 
hibits. According to the official German catalogue, which 
should be taken as a model for similar publications because of 
its concise accuracy and the variety of its information, there are 
in Germany at the present time fourteen institutions of the high- 
est class in which education in the science of agriculture is 
given. These comprise the universities and several special 
institutes. There are thirty-three intermediate schools and 150 
in which instruction of an elementary character is given, mainly 
to sons of peasant farmers, through the winter. 

Agricultural chemists will be interested in the display of min- 
eral fertilizers found in the Mining and Agricultural buildings. 
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In the former are good exhibits of phosphate rocks from Florida 
and South Carolina, while in the latter are several exhibits of 
natural and manufactured fertilizers from various sources. The 
most striking of these is the exhibit of the German Kali works or 
Stassfurt industry. The main feature of this is a collection of 
native and recrystallized products from the Stassfurt region, 
some of them being specimens of rare beauty. The product 
of the Stassfurt mines is now controlled by a syndicate of nine 
firms and has grown rapidly in value from a small beginning in 
1857. Salt has been produced in the Stassfurt region for the 
last two hundred years by the evaporation of brine, but this in- 
dustry had sunk to one of very small importance, when in 1857 
borings showed the existence of extensive deposits of potassium 
and magnesium salts at a depth of 1000 feet or more. These 
salts were supposed, at first, to have but little value but they 
have become of the highest importance in chemical industry and 
in agriculture. The exhibit is arranged in eight groups: 
Rock-salt of lower stratum, impure. 

Rock-salt of upper stratum, pure. 

Carnallite. 

Kieserite. 

Sylvin, with NaCl or MgSQ,. 

Kainite. 

Schoenite. 

. Boracite. 

These groups are divided according to the predominating min- 
erals and do not simply contain pure crystals of each species. 
With rock-salt of the first group anhydrite, polyhalite, sulphur 
and glauberite are found and are here shown. ‘The rock-salt of 
the second group from the upper stratum, although nearly 
chemically pure, is frequently beautifully colored, crystalline and 
clear. The carnallite of the third group is found pure and 
mixed with bischofite, kieserite and other minerals. ‘The kies- 
erite of the fourth group occurs pure and mixed with several 
other compounds. The sylvin of the fifth group and the kainite 
of the sixth group are exceedingly interesting exhibits as they 
contain a number of beautifully colored varieties, some of which 
are rare. In the seventh group two specimens of schoenite and 
the allied species, leonite, are shown. With the boracite of the 
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eighth group a number of comparatively rare boron minerals are 
exhibited. Although about twenty-five species in all, with sev- 
eral varieties, are shown it must not be supposed that all have 
commercial importance. In fact, at the present time only five of 
the above-named minerals find application on the large scale, 
and these are kainite, sylvin, boracite, carnallite and rock-salt. 

Kainite is mainly used as a fertilizer and for this purpose is 
prepared for market by simple grinding. The mineral as mined 
contains on an average about sixty per cent. of pure kainite. 
Its value in agriculture depends on the amount of potassium sul- 
phate present, although the combined percentage of magnesium 
sulphate and chloride is higher. It is therefore sold with a 
guaranteed amount of potash corresponding to twenty-three per 
cent. of the sulphate. Small amounts of several purified salts 
are made from kainite as a starting point. The amount of kainite 
sold increased from 1313 tons (of 1000 kgms.) in 1865 to 545, 
084 tons in 1892. Sylvinite, which contains on an average 
twenty-five per cent. of potassium chloride, sixty-five per cent. 
of sodium chloride, and seven or eight per cent. of the sulphates 
of potassium and magnesium, is also used mainly in the manu- 
facture of fertilizers. The production of sylvinite increased from 
2220 tons in 1888 to 32,669 tons in 1892. Boracite occurs in 
lumps usually mixed with carnallite. These lumps are sorted 
out by hand and sold for the production of borax and boric acid. 
The crude salt with seventy-five per cent. of boracite guaranteed, 
was mined to the extent of four tons in 1864 which increased to 
205 tons in 1883, and 166 tons in 1892. Carnallite is naturally 
the most important of the Stassfurt minerals and occurs gen- 
erally mixed with rock-salt and kieserite. The average com- 
position of the crude carnallite, roughly separated from the bulk 
of salt found with it is: 


Carhalitte isccescstestene 61 per cent. 
ROGK-G1t 6 s:cc'0s és: eiwes 25 « 
MICHEITICG o0.s-beeceneices 12 « 
Anhydrite and clay-:*+ 2 “ « 


Pure carnallite should have the following percentage compo- 
sition : 
MgCl, cc eceeceoecccces 34.5 per cent. 
26.8 
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from which it appears that the amount of KCl, the most valua- 
ble of the constituents, in the average mineral is 16.5 per cent. 
It is sold on a guarantee of 14.3 per cent., usually, and is em- 
ployed in the crude form to some extent as a fertilizer, but most 
of it is used in certain industries whose reputation is world wide 
and which will be referred to later. In 1882, 5590 tons of car- 
nallite were used as a fertilizer directly, while 1,053,709 tons 
were converted into purified salts. In 1892, 40,114 tons of crude 
carnallite were used in Germany as a fertilizer, and 723 tons 
were exported for the same purpose, while 695,912 tons were 
converted into concentrated salts. Immense quantities of potas- 
sium chloride are made, the amount being about 125,000 tons 
annually during the last fifteen years; a part of this is employed 
in agriculture, and the rest in chemical industry, mainly in mak- 
ing saltpeter by double decomposition with sodium nitrate. 
Several crude mixtures containing potassium salts are made 
from carnallite and are sold as fertilizers. ‘They contain from 
fifteen to forty per cent. of potash (K,O). The mining of rock- 
salt at Stassfurt is still a very important industry notwithstand- 
ing the constantly increasing amounts of salt produced else- 
where. The amount mined in 1857 was 12,797 tons, with a 
pretty regular increase down to the present time. In 1890 
the product was 302,205 tons, in 1891, 365,910 tons, and 
in 1892, 293,247 tons. Some of this is very pure, 99 to 
100 per cent., and serves for the production of fine white 
table salt, butter and pickle salt. The coarser and less pure 
grades are sold for salting cattle and for various chemical 
purposes. 

The Mining building contains a small exhibit of Stassfurt 
minerals, but other nations make only very small exhibits 
of fertilizers, with the exception of Chile, which shows 
sodium nitrate in large quantities in crude and manufactured 
form. 

As illustrating the results obtained by the application of chem- 
istry to agriculture we have first in importance among the ex- 
hibits those made by the United States experiment stations. 
They consist of charts, diagrams, and jars filled with animal and 
vegetable products obtained under certain definite conditions of 
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fertilization or feeding. Reference must be made also to the 
full literature of the subject found in the form of bulletins not 
only in the Experiment Station Record but sent out as independ- 
ent publications -by the states themselves. The work of the 
Rothamstead laboratory and farm is illustrated by several charts 
displayed with the United States station exhibits. These were 
sent by Messrs. Lawes and Gilbert. It appears that the most valu- 
able part of the exhibit sent by them has been lost on the way. 
In the French section there are numerous charts illustrative of 
results gathered from the experimental farms of France. Brief 
mention must be made of several industrial exhibits which have 
a certain interest from the chemical standpoint. Starch and 
starch sugar are displayed by five American firms; one French 
firm sends rice starch, but Germany, England, Austria, and 
other European countries are not represented here. The chemi- 
cal features of the cane-sugar industry are poorly illustrated in 
the United States displays. Nebraska makes an interesting ex- 
hibit of beet sugar. ‘Two factories are in operation in that state, 
and the amount of refined sugar they put on the market in 1892 
was nearly 4,000,000 pounds. Indications are that a much greater 
yield will be marketed this season. Photographs of the sugar 
machinery at the works are shown. It has been demonstrated 
that the soil and climate of Nebraska and other states are well 
adapted to the culture of the beet; the chemical division of the 
Department of Agriculture is able and ready to render all needed 
scientific aid, but the question of labor is the perplexing one 
which must be solved before the United States can think of sup- 
plying its own demand for sugar. No sugar is found in the ex- 
hibits of Austria or Germany, but some of the British colonies, 
Belgium, France, Italy, Russia, and the countries of Central 
and South America, make good displays. Interesting photo- 
graphs of the machinery and other parts of one of the large 
Russian factories are shown and are quite worth examination. 
Edible oils and certain other refined products are found in 
abundance in the agricultural display, but their description is 
beyond the scope of this article. The samples of olive oil sent 
by California indicate that the industry is a growing one in 
that state. 
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MINES, MINING, AND METALLURGY. 

The exhibits in this department are divided into twenty-seven 
groups, 42 to 68 inclusive, and there is scarcely one, which in 
some degree at least, is not interesting to chemists. In this 
general survey of the field I shall attempt to touch upon only 
those which are important as in some measure involving chem- 
ical processes. . 

First among these in the catalogue order is the elaborate dis- 
play of the Standard Oil Company, of Cleveland. Everything 
connected with the industry of collecting and refining oil is repre- 
sented here by profile maps, models of plants, samples of various 
crude oils, samples of light and heavy refined oils and other 
products. ‘The list of refined products is large and instructive. 
Various mineral oils, crude and refined, are found in the displays 
of several states, notably from New York, Pennsylvania, Ohio, 
and Indiana. Crude mineral oils and asphalts are found in the 
displays of California, Utah, and Wyoming. Chemists interested 
in the asphalt industry will find good exhibits from the French, 
Swiss, Trinidad, and western American districts. Portland and 
other cements and the materials from which they are made 
are shown by American, German, French, and English exhibi- 
tors. In the German section of the Mines building there is 
a well-equipped cement testing laboratory, with all necessary 
appliances for chemical and physical examinations. 

It would be useless to attempt a description of metals and ores, 
which are the chief attraction in this department, but special 
attention must be called to a few which are of unusual interest. 
Johnson, Matthey and Company, London, exhibit metals of the 
platinum group in crude and manufactured form. There are 
several large pieces of platinum and gold-lined platinum appara- 
tus for the concentration of sulphuric acid, various smaller 
vessels for laboratory use, a standard meter of platinum-iridium 
and a number of rods and bars employed in tests of coefficients 
of expansion, etc. There are shown, also, an ingot of palladium 
weighing 1,000 ounces and valued at £7,000, an ingot of iridium 
weighing 240 ounces, large samples of rhodium, osmium, ruthe- 
nium anda number of rare salts of some of these metals. The 
Deutsche Gold und Silber-Scheide-anstalt of Frankfurt am Main, 
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makes a very good display of gold, silver, and lead products, also 
colors for pottery, assaying chemicals and apparatus. Attention 
must be called in this place to the exhibit of W. C. Heraeus of 
Hanau, found in the manufactures building ; more will be said 
about it in the proper place. The Canadian Copper Company, 
of Ontario, shows in large quantities nickel ores, alloys and pure 
metal. Like many other important exhibits this one appears to 
have been overlooked by the catalogue maker. The exhibit of 
the Pittsburgh Reduction Company, of aluminum and alloys and 
process of reduction is a creditable one and worthy of study. A 
model of the electric furnace used in the plant at Kensington, 
near Pittsburg, is shown. Assayers will find a well-equipped 
laboratory in this building furnished with modern appliances as 
used in the United States. Several men are at work here and 
ready to make all explanations asked for. In the exhibits of 
Utah, Wyoming, New Mexico, and Montana are several minerals 
which when compared with the great ore displays may appear 
of little importance, but which, however, are worthy of consider- 
ation. It is not popularly known, although described in bulle- 
tins of the United States Geological Survey, and recently at 
length in bulletin 60, that in the localities named there are vast 
beds of salts, sometimes nearly pure, but frequently mixed, which 
in time must play an important part in the industries of this 
country. Sodium sulphate exists, especially in Wyoming, in 
beds of great extent, sometimes crystalline and sometimes efflor- 
esced and nearly dry. The bulletin referred to gives analyses 
of this substance. I give here two analyses of native samples, 
which represent, I am told, large deposits. The analyses were 
made in my laboratory : 


r 2. 
Na,SO, eeeeeecccee *. 97.20 97.36 
NaC) ss ccaxncoubigs 0.59 0.14 
Na,CO, «---e eeeees 0.04 
CaSO, «--eeeeeeenes 0.58 0.75 
MgSO, «--eeeeeceeee 0.85 1.26 
H,O and loss .....-- 0.74 0.49 
100.00 100.00 


I have seen samples of even greater purity. Much of the sul- 
phate is mixed with carbonate, over fifty per cent. of the latter 
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being frequently present in effloresced condition. Attempts 
have been made to manufacture pure alkali from this, but up to 
the present time without marked success (see in this connection 
an article by Professor Lunge, Zéschr. angew. Chem., January, 
1893). During the present year a new company has begun 
operations in Wyoming and has already achieved results which 
point to success in the future. Magnesium sulphate is also found 
in quantity in parts of Wyoming, but the absence of good railroad 
facilities renders all these deposits of little value at the present 
time. As coal seems to be found in abundance in the vicinity of 
some of these beds their development is one of the certainties of 
the future. 


SOME EXPERIMENTS ON SASIPLING BY QUARTATION. 
By P. W. SHIMER AND S. K. REIFSNYDER. 
OR reducing the bulk of a coarsely crushed sample of ore on 
the laboratory sampling table preparatory to still finer crush- 
ing, it is customary to mix, spread out, and quartate the sample 
once or oftener. In order to determine the degree of accuracy 
obtainable by this procedure, as well as to discover, if possible, 
the best way to manage the details of mixing and quartation, 
the following experiments were made upon a mixture of 500 
grams lead shot just large enough to be retained by a ten mesh 
sieve ; 500 grams magnetic iron ore of a size between ten mesh 
and twenty mesh and 500 grams of crushed glass passed through 
a twenty mesh sieve, but from which the finest powder had been 
removed by washing with water. By reason of the different 
sizes, shapes, and specific gravities of the elements of this mix- 
ture it is a very difficult one to sample. 

It was conceived, therefore, that any inaccuracy in the results 
of sampling would be prominently brought out and that any 
method that would give good results on this mixture, could be 
confidently used on the less difficult mixtures occurring naturally 
in ores. The mixture of 500 grams each of shot, magnetite, 
and glass was first separated by sifting, with the result that it 
was found to be possible to recover the exact amount (33% per 
cent.) of each from the mixture. 500 grams of each were again 
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mixed on a large paper, using forty motions of the paper. The 
mixture was then spread out with a spatula and quartated, in 
the usual manner, with the following results : 


No. I. No. 2. 
Eo tncicnictenia 33-8 per cent. 33-1 per cent. 
OTe. -scccecccces aa.y ‘6 32,3 * “ 
G1BAG oc cceessose ct 34.6“ & 


Each of these parts was then mixed, spread out, quartated, 
sifted, and weighed as before and the process was continued un- 
til each constituent of the mixture had been reduced to sixty 
grams; the results, grouped together, were as follows : 


Shot (per cent.).---+. 38.6 28.7 37.7 39.5 28.4 29.0 34.7 31.8 31.7 
Ore Sty SE race aoe 32.0 36.0 33.7 35:6 37-5. 34.8: 35.6 22:0 32.6 
Glass “6 * sesove 39-4 35-3 28.6 28.8 34.5 36.5 33.7 35-3 35-3 

Shot (per cent.)..... - 37-5 35-3 28.4 

Ore ie So) te ale - 29.8 31.4 34.6 

Glass ‘S ‘“S  weeee «32.7 33-3 37.0 


The results seem to vary more widely from the truth the 
further the sample is reduced by quartation. Having now ascer- 
tained how inaccurate the results may be when obtained by the 
above method, some variations, suggested by the course of the 
work, were tried. In all the experiments which follow the 
sampling was not carried beyond the first quartation. 

By mixing with forty motions of the paper, spreading out 
with a spatula, and quartating, the results were : 


Shot (per cent.)-.... db eietewene 34.3 32.4 32.4 
Ore "  “S3tecw omens 32.0 34.6 35.8 
Glass ‘“  ‘*  seeeeee seeee 33-7 33-0 31.8 


To compare with these, three quartations were made by 
moistening with water, mixing forty times, spreading out with 
spatula, and quartating. The results were: 


Shot (percent.)..... jeeeee - 31.8 32.0 31.0 
, Ore se MS: edew edd Meat 33:7 33-2 34-7 
’ Glogs.“ *. cenacsias twats BS 34.8 34-3 


Averaging these results, we have: 


Sampled Sampled 


ary moist. 
Bet. ic cctencee ctetee-eeay 33.0 31.6 
Ore. ceccccccccecscccsccess 34.2 33-9 


sin ne eae re eet bees 32. 34-5 
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The slight advantage in favor of the dry mixing was unex- 
pected and led to the suspicion that the spreading out of the 
sample by means of the spatula was the cause of the trouble. 
In the next experiments, instead of using the spatula, the sam- 
ple, after mixing, was simply flattened out by pressure under a 
small, smooth board. Assuming that the mixture is perfect at 
the end of the mixing it seemed probable that spreading out 
with a spatula might destroy the uniformity of the mixture, 
while, by simply flattening out the sample by means of the 
board, the relative positions of the particles would remain 
practically unchanged. 

By mixing forty times dry, flattening, and quartating, the 


results were: 


Shot (per cent.) ---- 32.0 35.7 32.9 32.3 32.9 
Ore “ “  seee 35:0 31-9 33-5 33-7 33-9 
asiase(** ** ose: B20) S24 SR0: 94:0) 33.1 


By mixing forty times moist, flattening, and quartating, the 


results were: 


Shot (per cent. )--++--++ eee 32.9 32.8 31.8 
Ore a $6 pe ce cece veces 33-5 33:5 34.1 
Glass ‘‘ . Avan beoaes 33.6 33-7 34.1 


By mixing forty times dry, then forty times moist, flattening, 
and quartating, the results were : 


Shot (per CONE. ) ccceccccccccec cece 33-1 33-5 
Ore “ ea, Tr ee 33-5 33-4 
Glass ‘ RE 5 = pime 6 Vie a ReTOe RES 33-4 33-1 


The average of the four best dry is: Shot, 32.6; ore, 34.0; 
glass, 33.4. The average of the four best moist is: Shot, 33.1 ; 
ore, 33.5; glass, 33.4. The average of the two mixed forty times 
dry and forty times moist is: Shot, 33.3; ore, 33.45; glass, 33.25. 

From the preceding experiments it appears that there is an 
advantage in mixing moist, both in accuracy and neatness. 
Decidedly better results are also obtained when the mixture is 
simply flattened out with a board instead of being spread out 
with a spatula. The best results also seem to be obtained when 
the sample is first mixed dry, then moistened and mixed again, 
for when dry there is greater freedom of motion among the par- 
ticles. When, however, the sample is well mixed dry it should 
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be moistened and mixed again, not only to obtain a still more 
uniform mixture, but to maintain it during quartation. 

Wishing to verify these conclusions in the case of an ore, a 
sample of crushed iron ore was obtained containing in its coarser 
portions considerable hornblende and in its finer portions a 
larger proportion of magnetite. The sample was divided into 
four sizes by careful sifting. 


Per cent. 
Between 4and 6-mesh sieves.--..-.. cee eeee 34.69 
6 ‘* To-nesh ‘S  seseceeeeees 18.47 
10 6‘* §«620-mesh (6 eeseceseneee 14.10 
Through 20-mesh sieve --....-. seeeeeecees 32.74 


Four hundred grams of each size were taken, mixed dry, and 
spread out very thin with the spatula before quartation. Instead 
of twenty-five per cent. of each, we found: 


Per cent. 
Over 6-mesh Sieve ..--+eccce cece Ponte Pe + 27.0 
10o-mesh iS  pawcaweawaeeno avenue ee 25.4 
20-mesh 66 eee cece ecccc cece cccecns 24.5 
Through 20-mesh Sieve .---+-.eeee eeeeee cess a.3 


Another mixture was made in the same manner, using the 
spatula, but not spreading out the heap so thin as before. 


Per cent. 
Creer Ganesh Sieve «oi cccsusnteaccececsswude 25.6 
to-mesh “6 ccssccocssvcces eeceeeeee 24.8 
 sumesn 8° picenesecestidawecceCanvs 24.5 
Through 20-mesh Sieve -.-----see eee seee ce 25.1 


The following were then mixed dry sixty times, flattened by 
use of the board, and quartated. 


Percent. Percent. Per cent. 


Over 6-mesh sieve.....-- 23.6 25-4 25.1 
to-mesh ‘4 cccsces 25.7 25.0 25.2 
20-mesh ‘'  «eeeees 26.3 24.4 25.0 

Through 20-mesh sieve--- 24.4 25.2 24.7 


Mixing thirty times dry and thirty times moist, flattened, and 
quartated : 


Per cent. Percent. Percent. Percent. Per cent. 

Over 6-mesh sieve ...----- 24.5 25.1 24.0 Pay 25.4 
“ To-mesh ‘4 escceeee 25.4 24.9 24.3 25-3 24.8 
” lanmnean cicces ec 25-4 25.0 26.1 24.4 24.9 


Through 20-mesh sieve ---- 24.7 25.0 25.6 24.6 24.9 
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By mixing fifty times dry, then fifty times moist, flattening, 
and quartating, the results were: 


Per cent. 
GT I ARCO BIGVE co 6.cg'6aies 6 so. 0eew clan ewieains 25.8 
© SRO IBS. §S)  a:wsige ecw occes dec clsinions’s 24.9 
" ~gppeek “ sinew ser pedb ce aren Hees 24.6 
Through 20-mesh Sieve ---++++sse eee ceeeee 24.7 

The average of dry and moist results were: 
Dry, Moist, 
per cent. per cent. 

Over 6-mesh sieve ---++.++++++- 24.7 24.9 
© po-mesh - ‘6 = cccccccccccece 25.3 24.9 
‘© 2o-mesh: ‘6 ewe ccecec cece 25.2 25.2 
Through 20-mesh sieve ----.-.-.. 24.8 25-0 


A few determinations were then made by a method sometimes 
used. The ore was carefully mixed as before and halved by 
allowing a small scoop full of the ore to fall over a thin partition. 
The results of these separations were: 





Dry ~ Moist, 

Percent. Per cent.. Percent. Per cent. 
Over 6-mesh sieve -----.-.-- 25-7 26.0 25.5 24.3 
SCORE “oxiss sesices 26.6 25.6 26.0 24.7 
* 20-mesh ‘6 .wcsccccee 24.0 24.8 24.9 25:7 
Through 20-mesh sieve ------ 23-7 23.6 23.6 25.3 


These results are not so good as those obtained by quartation, 
but here, as before, the moist method has the advantage in 
accuracy and neatness. 

The four sizes were then separately prepared for analysis, the 
results showing the percentages of metallic iron soluble in hydro- 
chloric acid (magnetite) and insoluble in hydrochloric acid 
(hornblende) are as follows: 








Per cent. Per cent. Per cent. 
Per cent. Between Between Through 
Over 6mesh. 6and 10-mesh. 10 and 20-mesh. 20-mesh. 
Soluble in HCl....... 30.30 28.57 27.31 40.25 
Insoluble in HCl ...--- 8.65 8.85 9.18 6.25 
Total metallic iron. 38.95 37-42 36.49 46.50 


The amount of iron in the different sizes is seen to vary con- 
siderably. Knowing the percentage of each grade in the origi- 
nal sample and the percentage of iron in each grade, the per- 
centage of iron in the original sample is readily found to be 
40.78. A sample of the mixture experimented on, containing 




















ANALYSIS OF LUBRICATING OILS. 265 


twenty-five per cent. of each size, should contain by calculation 
39.835 per cent. metallic iron. Calculating the amount of iron 
in the first (dry) sample, which is a very poor one, having been 
spread out thin with a spatula, we find the sample would yield 
39.699 per cent. iron, thus causing an error of 0.136 per cent. 
While this sampling error is notable, it must be remembered that 
this error would be increased very much if the quartations were 
carried further, as was shown by the preliminary work. ‘Taking 
the average results dry we find an error of 0.022 per cent. Tak- 
ing the average results moist we find an error of 0.006. The 
error in the percentage of iron ranges from 0.136 per cent. to 
0.006 per cent., the greater error coming from a sample made 
dry and the least from one made moist. In the average results 
there is a difference of 0.016 per cent. in favor of moist sampling. 
This fact agrees with the result of an investigation on the moist 
sampling (with alcohol) of cast-iron borings published by one 
of the writers some years ago (7vans. A. J. M. E., 14, 760). 
The results may be briefly recapitulated as follows: 

(1) It is more accurate to sample moist than to sample dry. 

(2) Moist sampling is preferable because of neatness of sepa- 
ration and absence of dust. 

(3) It is better to mix dry, then moisten, and mix thoroughly 
again before quartating. 

(4) It is far better to flatten out the sample by simple pressure 
than to spread it out by means of a spatula. 


THE ANALYSIS OF LUBRICATING OILS CONTAINING 
‘‘ BLOWN” RAPE-SEED AND « BLOWN” 
COTTON-SEED OILS. 


By THOs. B. STILLMAN, PH.D. 


Received August 8, 1893. 

APE-SEED oil has long been the standard oil in Europe 
R for lubrication. Its constancy of viscosity at varying tem- 
peratures, its non-liability to acidity as compared with other 
seed oils, and its low cold test, unite in producing the results 
required of a good lubricant. It, however, is no exception to 
the rule that vegetable and animal oils suffer partial decomposi- 
tion when subjected to high temperature produced by friction, 
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with a result that fatty acids are liberated and corrosion of 
bearings produced. 

The substitution of mineral oils in varying proportions with 
rape-seed oil has reduced this tendency, this reduction being 
determined by the percentages of mineral oil present, as the 
latter liberates no free acids. 

It is a peculiar fact, however, that a mineral oil alone does 
not give as satisfactory results in lubrication (especially cylin- 
der lubrication’) as does 4 mixture of mineral and vegetable or 
mineral and animal oils, one of the primary causes being that 
the viscosity of mineral oils rapidly diminishes at high tempera- 
tures, whereas the reduction of viscosity of vegetable and 
animal oils is very much less. 

If it were not for this peculiarity between these two classes of 
oils, mineral lubricating oils could easily supplant (on the score 
of cheapness) all other oils used in lubrication. 

The admixture of oils then being required for the better class 
of lubricants, it follows that in England where rape-seed oil has 
been the standard, its use should be continued in compounded 
oils. 

The proportion of rape-seed oil added to mineral oil varies 
from five to twenty per cent. Where the mineral oil is a clear 
paraffin oil twenty per cent. of the seed oil is used; where the 
mineral oil is a dark, heavy oil, five per cent. is generally added. 

The separation and estimation of the rape-seed oil in these 
mixtures presents no difficulty to the analytical chemist when 
no other seed oil is present, since the saponification of the seed 
oil, the separation of the fatty acids and recognition of the same 
are a part of the usual chemical work of this character. The 
recognition of the constituents of a mixed lubricating oil by 
analysis is a very different problem from giving a formula by 
which the mixture can be made. This is evidenced as follows: 

Suppose the analysis shows , 

Rape-seed oil, 20 per cent. 

Paraffin oil, 80 per cent. 
Paraffin oil varies in specific gravity from 0.875 to 0.921, and 
it is essential to include in the report of the analysis not only 


1 The Railroad and Engineering Journal, 64, 73-126. 
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the amount of the paraffin oil but also the gravity, since paraffin 
oil of gravity 0.875 is a very different product from that of 0.921 
gravity, the former selling at seven and one-half cents and the 
latter at twenty-three cents per gallon. This determination can 
be made by taking the gravity of the original mixed oil (0.912), 
then knowing by analysis that twenty per cent. is rape-seed oil 
(gravity 0.918), the gravity of the eighty per cent. of paraffin 
oil is easily calculated. Thus: 
x = specific gravity of rape-seed oil (0.918) 
y = specific gravity of paraffin oil 
xX = 20 per cent. or } 
y = 80 per cent. or + 
Then 4x+4y =0.912 
0.183 +4#y =0.912 
$Y =0.729 
y =0.910 
The mixture being composed, therefore, of 
Paraffin oil (sp. gr. 0.910), 80 per cent. 
Rape-seed oil (sp. gr. 0.918) 20 per cent. 

The direct determination by analysis from the ether solution 
of the mineral oil in the mixture does not give an oil of the 
same specific gravity as the mineral had before it was mixed 
with the seed oil. This can be accounted for by the volatiliza- 
tion of a portion of the lighter hydrocarbons of the mineral oil 
when the ether is expelled during the analysis. For this reason 
the determination of the percentage of seed oil and the calcula- 
tion of the mineral oil offers less liability to failure than finding 
the mineral oil directly. 

The introduction of ‘‘blown’’ rape-seed oil instead of the 
normal rape-seed oil complicates the investigation and renders 
the use of the formula above given valueless. Rape-seed oil 
has a gravity of 0.915 too.g20. Rape-seed oil ‘‘blown’’ has a 
gravity of from 0.930 to 0.960. 

Two difficulties are immediately presented: (1) The chemi- 
cal analysis does not indicate whether the rape-seed oil is 
’’ or not; (2) The use of the formula given without 


’ 


“blown 


“é 


the correct gravity of the ‘‘ blown 
regarding the paraffin oil. To overcome this difficulty some 


synthetical work is required. 


oil would give false results 
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Suppose the specific gravity of the mixed oil is 0.922 and the 
analysis shows twenty per cent. of rape-seed oil. It will be 
necessary then to produce a mixture in these proportions that 
will duplicate the original sample. A check upon this will be 
the viscosity of the original sample as compared with the one to 
be made by formula: Thus: 

The original oil has a gravity of 0.922, contains (by analysis) 
twenty per cent. of rape-seed oil, and has a viscosity at 100° F. 
of 335 seconds (Pennsylvania Railroad Pipette). 

First.—Make a mixture of paraffin oil (sp. gr. 0.910), gene- 
rally used in this character of lubricant, eighty per cent., and 
rape-seed oil (‘‘unblown’’) twenty per cent. The viscosity is 
165 seconds, showing that this mixture can not be used in place 
of the original oil. 

Second.—Make a mixture of paraffin oil (sp. gr. 0.910) and 
rape-seed oil (partially blown, sp. gr. 0.930) in the same pro- 
portions as above. The resulting viscosity is 267 seconds, 
showing that the compound is still lacking in viscosity. 

Third.—Make a mixture of paraffin oil (sp. gr. 0.910) eighty 
parts, and rape-seed oil, ‘‘ blown,’’ (sp. gr. 0.960), twenty parts. 
The viscosity is 332 seconds. 

This now fulfills the conditions required and the synthetical 
sample agrees with the original in gravity, composition and 
viscosity. 

The use of ‘‘ blown’’ rape-seed oil is being gradually replaced 
by ‘‘blown’’ cotton-seed oil. The latter, which has had but a 
limited use in lubrication, owing to: its liability to acidity, has 
been greatly improved by this process of ‘‘ blowing,’’ which is 
nearly complete oxidation of the oil under comparatively high 
temperature. 

This largely prevents the occurrence of the acidity in the oil, 
and thus the main objection to its use in lubrication disappears. 
It is much cheaper than rape-seed oil, since it costs forty 
cents per gallon, to seventy cents per gallon for the latter. 
The chemical reactions of the two oils are very similar, and 
careful analytical work is required that the chemist be not 
misled. 

The following table of comparisons will indicate this : 
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SPECIFIC GRAVITY. 


Cotton-seed oil ....-. ete e cease se+e++ 0.920 to 0.925 
Rape-seed oil ....- eee ccceceeess O.GI5 tO 0.920 
‘*Blown”’ cotton-seed oil ..-...+-- 0.930 to 0.960 
‘Blown ’”’ rape-seed oOil....+++--++ 0.930 to 0.960 
VISCOSITY (PENNSYLVANIA RAILROAD PIPETTE) AT 100° F. 
Seconds. 
Cotton-seed oil (sp. gr. 0.925) «+++. ceeeee 165 


Rape-seed oil (sp. gr. 0.918) .+-eeeseeeeeeee (210 
’? cotton-seed oil (sp. gr. 0.960)---- 2143 
rape-seed oil (sp. gr. 0.960) ..-+- 2160 


‘* Blown 


‘*Blown’ 
HEIDENREICH’S TEST. 
Before stirring. After stirring. 
Cotton-seed oil....+-..-- Faint reddish brown. Brown. 
Rape-seed oil .-+-++---+- Yellow brown. Brown. 
MASSIE’S TEST. 
Cotton-seed Oil «+... -.-eeeeee --e+- Orange red. 
Rape-seed Oil. ....+eeeeeeceeece cee Orange. 


IODINE ABSORPTION. 
ECattoi-seed OF occe-a csc caesecueeste 104 to II4 
‘*Blown ”’ cotton-seed oil......+-.-- 93 to 103 
‘ Rape-seed oil .-.-.....- oc cccecceecece 102 to 108 
‘Blown ’’ rape-seed Oil ...- +++ eeee. - 94 to 100 

In the comparison of the two oils, when not mixed with a 
mineral oil, the above tests can be used. ‘The conditions are 
altered, however, when either one or both are so mixed, since 
these tests apply only to the pure oils and not to those reduced 
with large percentages of mineral oil. After the separation of 
the seed oil from the mineral oil by saponification the identifica- 
tion of the seed oil depends upon the reactions of the fatty acids 
obtained, and a careful examination and comparison of these 
reactions shows that the melting points have the greatest differ- 
ence and thus become a means of recognition. 

Thus, the fatty acids from rape-seed oil melt at 20° C., and 
from cotton-seed oil at 30°C. Hence, if upon analysis of a 
lubricating oil under above conditions, the fatty acids obtained 
show a melting point of 20° C. the seed oil can be pronounced 
rape-seed oil. 

If the melting point is between these limits, say 23° C., the 
seed oils are present in a mixture, the proportions of which can 
be determined by the following formula: 














AN AUTOMATIC EXTRACTOR. 


W; = proportion of rape-seed oil 

Ww, = proportion of cotton-seed oil 

w; = weight of mixture (20 per cent.) 

t, =temperature of melting point fatty acids of rape-seed oil. 
t, =temperature of melting point fatty acids of cotton-seed oil. 
t; =temperature of melting point of mixed fatty acids. 





Then w, =w, p= 
i | 
ts—t 
Ww, = w;2— 
3ty—t) 
Inserting the values : 
203-* = 14 per cent. 
we 
w, =20—* — 6 per cent. 
3 30—20 
Or, 
DAME GER ode ot 4dpee edb eke h ee es 80 per cent. 
Rape-seed Oi]. 0c esce cede ccccccocs 14 per cent. 
Cotton-seed Oi]+ -2ccc ccc cccecccces 6 per cent. 
NE G6 Sbdd sa sateen pase 100 per cent. 


By synthetical work upon these proportions, with comparison 
of viscosities of the sample submitted with the product, the re- 
sult will be not only a correct analysis, but a working formula 
can be given by which a manufacturer can duplicate the origi- 


nal oil. 
STEVENS INSTITUTE OF TECHNOLOGY, 
AvuGUST 8, 1893. 


AN AUTOMATIC EXTRACTOR. 


By W. D. HORNE. 


Received August 7, 1893. 
N the analysis of commercial fertilizers soluble phosphoric 
acid is separated by repeated washings of the mass with 
small quantities of water. T'wo grams of the sample are treated 
on a ribbed filter with successive portions of water, about ten 
ce. at a time, until at least 250 cc. have run through, each addi- 
tion being deferred until the preceding has passed through. 
Feeling that time might be saved by having this washing 
done automatically led to the device of a simple apparatus 
which mechanically delivers the required quantity of water at 
measured intervals in a gentle stream upon the material on the 
filter, stirring it up and leaching out the soluble matter without 
requiring any attention after the start. 
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One part of the apparatus consists of a wide-mouthed bottle 
of 250 cc. capacity closed by a cork perforated by two glass 
tubes. One tube projects outward about three or four cm. 
and tapers to a moderately fine point. The other 
tube, after emerging from the cork, curves directly 
over the edge of the cork and extends down the 
full length of the bottle on the outside. The bot- 
tle, being filled with water, is inverted, and the 
water drops from the end of the short tube, while 
the necessary air enters by the long bent tube and 
bubbles up through the column of water in the 
bottle. As the rate of flow or dropping depends 
principally upon the fineness of the point of the 
dropping tube and the freedom of the air’s access 
through the longer tube, any desired rapidity of 
flow can be obtained by varying the size of either 
tube. It is more advantageous to use the same 
dropper and to regulate the air supply by plugging 
































more or less loosely the upper end of the air tube 

with an appropriate stopper. all 
So much for the water supply. In order to con- 

vert this into an intermittent washing stream it TT 


flows into a tube suspended below, provided with a capillary 
siphon tube within, whose longer limb passes through a stopper 
at the bottom of the outer tube, something like the Adams fat 
extractor. 

To make this part of the apparatus, cut the bottom off of a test 
tube fifteen mm. in diameter and fifteen cm. long, close one end 
with a rubber stopper with one hole, and within the test tube 
put a three mm. tube bent double by a sharp curve, with one 
limb about fifteen cm. long and the other about three cm. The 
longer limb passes through the hole in the stopper at the bottom 
of the test tube, while on the shorter limb is put a piece of rub- 
ber tubing of variable length, according to the quantity of 
water that is to be siphoned off at each delivery. To the loop 
of the siphon fasten one end of a short wire, whose other end 
terminates in a hook to catch in a wire eye inserted in the cork 
of the inverted bottle. 
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Thus suspend the siphon apparatus to the water supply, hav- 
ing the dropping tube inside the test tube. When the water is 
allowed to drop the test tube slowly fills, until the water, rising 
in the siphon’s short arm, passes beyond the bend and siphons 
over. The operation then repeats itself. 

The speed of dropping from the reservoir must be such as to 
allow each siphoned portion to pass completely through the filter 
before the next flows on. And the quantity which siphons over 
each time is to be regulated by varying the length of the rubber 
tube which extends from the short limb of the siphon. The 
lower end of this rubber tube is cut off diagonally to ensure 
complete emptying of the siphon at each delivery. 

These things once arranged, they need little attention after- 
wards. 

Only a moment is required to fill the bottle, attach the siphon 
tube, and hang the inverted bottle in its rack with the filter 
containing the fertilizer below it in a funnel resting in a flask. 

The washing is done regulafly, without attention and without 
loss of time. A few supplementary washings by hand may be 
well to get the material all into the point of the filter, although 
experiments have shown that the mechanical washing is thorough 
and gives results identical with the tedious hand method. 





THE ACTION OF GASEOUS HYDROCHLORIC ACID AND 
OXYGEN ON THE PLATINUM [1ETALS.' 
By Wo. L. DUDLEY. 
ENRY (7vans. Roy. Soc., 7800, 188) discovered that hydro- 
H chloric acid gas, mixed with one-fourth its volume of 
oxygen, passed over platinum black, was decomposed and 
water formed: 4HCI1+40,= 2H,O + 2Cl.,. 

While working up some platinum and iridium residues, I 
found that finely divided platinum sponge on being washed 
with hydrochloric acid gave ample evidence of solution. This 
led me to investigate the subject further. 


1Read before the American Association for the Advancement of Science, Madison 
Meeting, August, 1893. 
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Platinum black was put on a filter and moistened with dilute 
hydrochloric acid. In a few hours the filter paper was stained 
yellow, and on washing, the filtrate had a yellow color and 
contained platinic chloride. Very soon, however, the filtrate 
became clear, even if the washing was continued with hydro- 
chloric acid, but on standing after again moistening with hydro- 
chloric acid, the platinum was dissolved as before, showing that 
the oxygen of the air. was necessary for the decomposition of 
the hydrochloric acid, and that the platinum was attacked by 
the nascent chlorine. The action seemed to be most rapid as 
the filter paper approached dryness. By repeated moistening 
with hydrochloric acid and exposure to the air, the platinum 
black would probably have dissolved completely, but I did not 
carry the experiment to that point. 

Platinum sponge was next tried in a similar way, and the 
result was found to be essentially the same, but not quite so 
marked. 

Platinum black and platinum sponge were each subjected to 
the action of a dried mixture of hydrochloric acid gas and 
atmospheric air. Each was attacked by nascent chlorine. The 
effect on the sponge was, however, much less than on the black. 
Oxygen was substituted for the air, and the gases were used 
without being dried, but in each case the result was practically 
the same as that noted above. The experiment was tried at 
various temperatures up to 100° without any special change in 
the result. When the temperature reaches the point at which 
platinum chloride decomposes, chlorine is set free (Jullion, Brit- 
ish patent, No. 11425, 7846). 

It is well known that finely divided palladium is soluble in 
hydrochloric acid mixed with oxygen or air (Fischer, Schw., 
51, 192, and Pogg, 71, 431). 

Iridium, rhodium, ruthenium and osmium in finely divided 
condition were treated in the same way as the platinum and in 
each case it was found that the metal had the power to cause 
the union of the oxygen and the hydrogen of the hydrochloric 
acid, and to combine with the nascent chlorine. The action on 
ruthenium and osmium was greatly increased on heating, 
especially at about 250° and over, when the action was quite 
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rapid, the respective chlorides subliming and condensing in the 
cooler portion of the tube beyond. 

The metals used in these experiments were not specially 
purified, but were such as are furnished by the best German 
manufacturers as pure. 


CHEMICAL LABORATORY, 
VANDERBILT UNIVERSITY, JULY, 1893. 


THE ELECTRO-DEPOSITION OF IRIDIUM; A METHOD OF 
MAINTAINING THE UNIFORM COPIPOSITION OF 
AN ELECTROPLATING BATH WITHOUT 
THE USE OF AN ANODE.’ 


By Wo. L,. DUDLEY. 


N 1884 while engaged in studying the metallurgy of iridium 
from a commercial standpoint, I made many experiments in 
order to obtain a satisfactory bath for the electro-deposition of 
the metal. From a practical standpoint many difficulties were 
' encountered, while experimentally most solutions of iridium 
yield the metal very readily under the influence of the electric 
current. 

Much experimenting was done with the hope that a method 
might be devised by which a solution of the metal could be 
obtained electrolytically, thus avoiding the tedious and expensive 
processes for dissolving the platinum metals, but without success. 
Many electrolytes were employed under all conceivable conditions 
with iridium anodes in various forms, especially plates made by 
fusing iridium with phosphorus, but nothing practical was 
obtained. ‘The iridium solutions were therefore made by several 
of the well known methods. 

The next problem to be solved was to keep the solution of 
constant metallic strength and purity. Every electro-metallurgist 
‘knows that a plating bath must remain constant in composition, 
and that the slightest change in any particular will impair its 


1 Read before the American Association for the Advancement of Science, Madison 
Meeting, August, 1893. 
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working qualities when once the conditions for the best results 
have been attained. Ordinarily the uniform com position of the 
bath is maintained by using an anode of the pure metal which 
is being deposited. In the case of iridium this method of enrich- 
ing the bath was hopeless, judging from previous experiment. 

It was soon apparent that an iridium bath could be maintained 
of uniform metallic strength and composition in two ways only— 
(1) by an oxide and (2) by a hydroxide ; and further, that the 
oxide or hydroxide used must be insoluble in the electrolyte but 
readily soluble in the acid radicle set free at the anode. Thus 
this part of the problem was solved and for various reasons the 
iridic hydrate, Ir(OH), was employed. The precipitated 
hydrate could be suspended in the bath at intervals by stirring, 
and the excess be allowed to settle before using ; the liberated 
acid would thus be neutralized. But in practice it was found 
best to use carbon plates as anodes and to surround each plate 
with a loose fitting linen bag containing the Ir(OH),. By 
this means the acid is neutralized soon after liberation and before 
it can diffuse through the solution. Thus the bath is kept uni- 
form and clear. Bags containing the hydrate can be hung into 
the solution at other points if found desirable. 

Various salts were found to give very good results, and I may 
mention the sodium iridichloride, the ammonium iridichloride, 
and a solution made by dissolving the hydrate in sulphuric acid 
and adding ammonium sulphate. 

Like all hard and brittle metals the electro deposit has a ten- 
dency to blister and considerable care in the regulation of the 
current-strength is necessary. 

At the time this work was being carried on, it was thought that 
the plan of using the hydrate to keep up the metallic strength of a 
plating bath would find wider application, and be useful in solv- 
ing the problem of aluminum plating should a suitable bath for 
the deposition of that metal be discovered. The cheap pro- 
duction of the metal, however, has solved this problem independ- 


ently. 
In May, 1890, my friend Dr. Wm. H. Wahl, secretary of the 
Franklin Institute, wrote, saying that he was revising his work 
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‘Galvano-Plastic Manipulation,’’ and asking me to furnish 
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him some details of the iridium plating process. I sent him an 
outline of the method, describing the use of the iridium hydrate 
in lieu of a soluble anode. He replied at once that I anticipated 
him inasmuch as he had just worked out the same plan to solve 
the platinum plating problem after a year of hard labor. It was 
a source of great regret to us both for in neither case had the 
method been devised without much thought and labor, although 
it is so simple. Dr. Wahl read his paper on platinum plating 
before the chemical section of the Franklin Institute, on May 20, 
1890, in which he made generous mention of my work. I regret 
that I could not have saved him so much labor; but owing to 
my relations to the corporation for which I was making the in- 
vestigations, I have been unable to publish the results sooner. 


CHEMICAL LABORATORY, 
VANDERBILT UNIVERSITY, 
July, 1893. 


ALUMINUIS1. 
By R. L. PACKARD. 
(Continued from page 236.) 

Metallurgical use.—The quantity of aluminum used in this 
country in the manufacture of iron and steel castings is probably 
from twenty-five to thirty per cent. of the total production. In 
Europe it is estimated by Professor Wedding to be fifty-four per 
cent. This use, as was explained in the last number of this 
series, consists in adding from 0.10-0.15 per cent. of aluminum to 
iron or steel just before casting, by which blow-holes are pre- 
vented and sounder castings are produced. This use is becom- 
ing general. The beneficial effect, as was shown by experi- 
ments referred to last year, is due in part at least to the deoxi- 
dizing action of aluminum upon carbon monoxide at a high tem- 
perature, a reaction which was demonstrated directly between 
the metal and the gas. This subject has not yet received an ex- 
haustive examination. For this purpose it would be necessary 
to know the composition of the iron or steel operated on in each 
case and make comparative tests on the different specimens. It 
is also probable that the method of melting employed has an 
effect on the result. 
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A detail of manipulation in the method of applying aluminum, 
especially in casting for steam and pump cylinders and other 
castings intended to resist high pressures, is reported in Ding- 
ler’s poly. J., (284, No. 11, 255). The addition is made 
by first forming a mixture of aluminum and iron, which is 
effected by placing the proper quantity of heated aluminum in 
the bottom of a small ladle, running some iron into the ladle 
from the furnace, and waiting until the mixture begins to stiffen. 
Then the iron to be operated on is run into a large ladle and 
the iron-aluminum mixture is poured into it, whereby an in- 
timate mixture of the whole is effected. For 10oo kilograms ol 
iron to be operated on 200 grams of aluminum are used (= 0.20 
percent.). The iron is not poured at once from the large ladle, 
but is allowed to stand until it is orange-yellow and a thin film 
begins to form on the surface. As soon as this occurs the film 
is removed and the iron is poured. The mold should be kept 
full. No reason is assigned for this procedure, but it appears 
that iron containing aluminum is inclined to shrink excessively 
and that this tendency must be obviated by pouring as cold as 
possible. 

According to a paper read by Mr. J. W. Langley, at the Glen 
Summit meeting of the American Institute of Mining Engineers, 
the practice in the United States in pouring ingots is as follows: 
The aluminum, in small pieces of one-fourth or one-half pound 
weight, is thrown into the ladle during the tapping, shortly after 
a small quantity of steel has already entered it. The aluminum 
melts almost instantaneously and diffuses with great rapidity 
throughout the contents of the ladle. The diffusion seems to be 
complete, for the writer had never seen the slightest action in- 
dicating want of homogeneity of mixture, all of the ingots poured 
from one ladle being precisely alike so far as the specific action 
of the aluminum was concerned. ‘The quantity of aluminum to 
be employed will vary slightly according to the kind of steel 
and the results to be attained. For open-hearth steel, contain- 
ing less than 0.50 per cent. carbon, the amount will range from 
five to ten ounces per ton of steel. For Bessemer steel the quan- 
tities should be slightly increased, v7z., seven to sixteen ounces. 
For steel containing over 0.50 per cent. carbon, aluminum 














278 ALUMINUM. 


should be used cautiously ; in general between four and eight 
ounces to the ton. If these statements are put in the form of 
percentages, it will at once be seen how extremely minute is the 
quantity of aluminum which causes such marvelous results, for 
the numbers are : 


4 ounces =0.0125 per Cent. +--eeeeeee ee eeeee = 1-8000 
5 Ounces = 0.0156 per Cent. -eeeeeseeeeee eee = 1-6500 
8 ounces = 0.0250 per Cent. -++eee rere eeeeee = I-4000 
16 OUNCES = 0.0500 per CeNt. «+++ eeeeeeeeeeeee = I-2000 


Soldering .—From the articles which occasionally appear in the 
trade journals, both in this country and in Europe, and the 
patent list, it appears that the difficulties of soldering aluminum 
have not been overcome. Some of the new solders are intro- 
duced here without comment. 

Chloride of silver has been recommended as a solder. It is to 
be finely powdered and spread along the junction to be soldered 
and melted with the blow-pipe. Mr. Joseph W. Richards makes 
an alloy of aluminum one part, zinc eight parts, tin thirty-two 
parts, and phosphor-tin, containing five per cent. phosphorus, 
one part. The aluminum is first melted, then the zinc is added, 
and finally the tin, which has been melted separately and mixed 
with the phosphor-tin. The alloy is poured into small bars for 
use. The object is to provide in the phosphorus a powerfui re- 
ducing agent to prevent the formation of the film of oxide which 
usually prevents the intimate contact of the opposed surfaces. 
(United States patent 407,789, October 5, 1891.) Another for- 
mula is, cadmium fifty parts, zinc twenty, tin thirty. The zinc 
is first melted, then the cadmium is added, and finally the tin 
(Dingler’s poly. /., 284, No. 6, 144). Electroplating the sur- 
faces with copper and then applying the solder was mentioned 


last year. 
Other solders which have been used are composed of : 
i; II. III. IV. v. 
Per cent. Per cent. Per cent. Per cent. Per cent. 
Aluminum .....- 12 9 7 6 4 
Copper ---- +--+ 8 6 5 4 2 
eee ere 80 85 88 go 04 


In making these solders the copper should be melted first, the 
aluminum then added, and the zinc last. Stearin is used as a 
flux to prevent the rapid oxidation of the zinc. When the last 
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metal is fused, which takes place very quickly, the operation 
should be finished as rapidly as possible by stirring the mass, 
and the alloy should then be poured into an ingot mold of iron, 
previously rubbed with fat. The pieces to be soldered should 
first be cleaned thoroughly and roughened with a file and the 
solder placed on the parts in small fragments, the pieces being 
supported on a piece of charcoal. The place of juncture should 
then be heated with the blast lamp. The union is facilitated by 
the use of a soldering tool of aluminum. This last is said to be 
essential to the success of the operation. Alloy I is recom- 
mended for small objects of jewelry ; alloy IV is said to be best 
adapted for larger objects and for general work, and is that most 
generally used. The successful performance of the act of solder- 
ing appears to require skill and experience, but the results ob- 
tained are said to leave nothing to be desired. Soldering tools 
of copper or brass should be avoided, as they would form colored 
alloys with the aluminum and solder. The skillful use of the 
aluminum tool, however, requires some practice. Atthe instant 
of fusion the operator must apply some friction, and, as the 
solder melts very suddenly, the right moment for this manipula- 
tion may be lost unless the workman is experienced. 

Alloys.—It is regretted that no statistics of the production of 
aluminum bronze and ferro-aluminum in this country can be 
given for 1891. Both of these valuable alloys have been pro- 
duced by the Cowles Electric Smelting and Aluminum Company 
fora number of years, and have found their way into the market 
on a considerable scale. The ferro-aluminum made by this 
company was used as a vehicle for adding aluminum to iron and 
steel in making sound castings when that method was first intro- 
duced. Aluminum bronze is coming into use in Germany for 
torpedoes on account of its strength and non-corrodibility, and for 
telephone wires. It was estimated that 280,000 kilograms would 
be used during 1892. The five per cent. bronze has been used 
for some time for nozzles of gas motors on account of its non-oxi- 
dizable character, and the twelve per cent. bronze is used for the 
pins of needle guns, for which purpose it is said to be better 
than steel. 

The number of patents which have been granted for aluminum 
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alloys, either where that metal forms a minor ingredient or has 
small quantities of other metals added to it for special purposes, 
shows that experimenting in this direction is increasing. As yet 
much of this experimenting is done without definite knowledge 
or aim on the part of inventors. Doubtless, in time, valuable 
conclusions may be derived from this kind of work, after rigid 
experiments with a definite purpose or idea have been under- 
taken. Of alloys formed with a specific purpose in view, that 
containing a small quantity of titanium, and another containing 
silver, were described last year. Others are mentioned in a lec- 
ture by Mr. Hunt, president of the Pittsburg Reduction Com- 
pany, whose statements are valuable because they are based on 
knowledge and experience. He says: 

‘‘The alloys of from two and one-half to twelve per cent. 
aluminum with copper have so far achieved the greatest reputa- 
tion. With the use of eight per cent. to twelve per cent. alumi- 
num in copper we obtain one of the most dense, finest-grained, 
and strongest metals known, having remarkable ductility as 
compared with its tensile strength. A ten per cent. aluminum 
bronze can be made in forged bars with 100,000 pounds tensile 
strength, 60,000 pounds elastic limit, and with at least ten per 
cent. elongation in eight inches. An aluminum bronze can be 
made to fill a specification of 130,000 pounds tensile strength 
and five per cent. elongation in eight inches. Such bronzes 
have a specific gravity of about 7.50, and are of a light yellow 
color. For cylinders to withstand high pressures such bronze is 
probably the best metal yet known. 

‘* The five to seven per cent. aluminum bronzes have a specific 
gravity of 8.30 to 8, and are of.a handsome yellow color, with a 
tensile strength of from 70,000 to 80,000 pounds per square inch, 
an elastic limit of 40,000 pounds per squareinch. It will proba- 
bly be bronzes of this latter character that will be most used, 
and the fact that such bronzes can be rolled and hammered at a 
red heat with proper precautions will add greatly to their use. 
Metal of this character can be worked in almost every way that 
steel can, and has for its advantages its greater strength and 
ductility, and greater power to withstand corrosion, besides its 
fine color. With the price of aluminum reduced only a very 
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little from the present rates, there is a strong probability of alum- 
inum bronze replacing brass very largely. 

‘‘A small percentage of aluminum added to Babbitt metal 
gives very superior results over the ordinary Babbitt metal. It 
has been found that the influence of the aluminum upon the or- 
dinary tin-antimony-copper Babbitt is to very considerably in- 
crease the durability and wearing properties of the alloy. Under 
compressive strain aluminum Babbitt proves a little softer than 
the ordinary Babbitt. A sample one and one-half inches in 
diameter by one and one-half high began to lose shape at a pres- 
sure of 12,000 pounds. A similar sample of the same Babbitt 
metal without the addition of the aluminum (having a composi- 
tion of 7.3 per cent. antimony, 3.7 per cent. copper, and eighty- 
nine per cent. tin) did not begin to lose its shape until a com- 
pressive strain of 16,000 pounds had been applied. Both sam- 
ples have stood an equal strain of 35,000 pounds. In compara- 
tive tests of the ordinary Babbitt metal and the aluminum Bab- 
bitt metal, the latter has given very satisfactory results. 

‘The following alloys have recently been found useful: 
Nickel-aluminum, composed of twenty parts nickel and eight 
parts aluminum, used for decorative purposes ; rosine, composed 
of forty parts nickel, ten parts of silver, thirty parts aluminum, 
and twenty parts tin, for jewelers’ work ; sun bronze, composed 
of sixty parts cobalt (or forty parts cobalt), ten parts aluminum, 
forty (or thirty) parts copper; metalline, composed of thirty- 
five parts cobalt, twenty-five parts aluminum, ten parts iron, and 
thirty parts copper. 

‘Prof. Roberts Austin has discovered a beautiful alloy con- 
taining twenty-two per cent. aluminum and seventy-eight per 
cent. gold, having a rich purple color, with ruby tints. 

‘The addition of from five per cent. to fifteen per cent. alumi- 
num to type metal composed of twenty-five per cent. antimony 
and seventy-five per cent. lead makes a metal giving sharper 
castings and a much more durable type.”’ 

Mr. A. H. Cowles makes an alloy for electrical purposes con- 
sisting of manganese eighteen parts, aluminum 1.2 parts, silicon 
five parts, zinc thirteen parts, and copper 67.5 parts. This alloy 
has a tensile strength of 26,000 kilograms and twenty per cent. 
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elongation. Its electric resistance is greater than that of ‘‘ neu- 
silber,’’ and it is therefore especially applicable for rheostats. 
( Chemtker-Zeitung, March 12, 1892.) 

Mr. C. C. Carroll makes an aluminum alloy for dentists’ fill- 
ings, consisting of silver 42.3 per cent., tin fifty-two per cent., 
copper 4.7, and aluminum one per cent. It is reduced to pow- 
der and then forms an amalgam with mercury. (U. S. patent 
475,382, May 24, 1892.) 

Mr. Chas. B. Miller has patented an anti-friction alloy of lead 
320 parts, antimony sixty-four, tin twenty-four, aluminum two. 
(U.S. patent 456,898, July 28, 1891.) 

Mr. Thomas MacKellar has patented an alloy for type metal 
of lead sixty-five parts, antimony twenty, and ten parts of an 
alloy consisting of equal parts of tin, copper, and aluminum. 
The tin-copper-aluminum alloy is first melted, the antimony 
added to it, and the mixture is then added to the melted lead. 
(U.S. patent 463,427, November 11, 1891.) 

An aluminum bronze alloy contains aluminum twelve to 
twenty-five parts, manganese two to five, copper seventy-five to 
eighty-five. It is the product of John A. Jeancon. (U. S. pat- 
ent 446,351, February 10, 1891.) 

The anti-friction metal (Babbitt metal plus aluminum) con- 
tains antimony 7.3 parts, tin eighty-nine, copper 3.7, with from 
; to 2.5 parts of aluminum. It is patented by Alexander W. 
Cadman. (U.S. patent 464,147, December 1, 1891.) 

Aluminum imported and entered for consumption in the United 
States from 1870 to 1891. 


Years ending Quantity, Value. Years ending Quantity, Value. 
pounds. pounds. 

June 30, 1870..+.-. «e+e $ 98 June 30, 1882...... 566.50 $ 6,459 
BOE ETE 6.00643 v0.00 341 CS NS BMS ¢ a cies 426.25 5,079 
lip <7 x, COR eio 2.00 2 6 8 7884. 220 595.00 8,416 
(6 1874-2206 683.00 2,125 6 7885. .2066 439.00 4,736 
OE RIS cie05-0i0 434.00 1,355 Dec. 31, 1886...... 452.10 5,369 
ce 6 7876..266- 139.00 1,412 8) SS ERR ewes 1,260.00 12,119 
OE ET a's 30 4:0 131.00 1,551 ‘6 © 7888. ..66.- 1,348.53 14,086 
(6 6 1878. cceee 251.00 2,978 $6 86 TRB Gane: 0 8.0% 998.00 4,840 
we SE GPs w e's’ 284.44 3,423 «e T890. +--+ 2,051.00 7,062 


waters ; sseee+ 3,906.00 6,263 











yn- 
ym 


ted 


lue. 


459 
079 
416 
736 
369 
119 
086 
840 
062 
263 





IRON AND STEEL. 
EDITED BY P. W. SHIMER. 
CARBON IN STEEL. 

N Zeitschrift fir angewandte Chemie, 1893, parts 11, 13, and 
| 14, Dr. Richard Lorenz gives some remarkable results ob- 
tained by him in the determination of carbon in steel by dif- 
ferent methods. The conclusion is reached that the method by 
volatilization in a current of chlorine, the double chloride of cop- 
per and ammonium method, the copper sulphate method, and 
the chromic acid method yield results that are below the truth. 
A direct oxidation method devised by the author gives higher 
results which are supposed to be more nearly correct. 

As to the chlorine method the conclusions are as follows: 
When the ignition in chlorine is prolonged beyond the point of 
complete volatilization of the ferric chloride, carbon goes off in 
combination with chlorine. When the ignition is interrupted 
before this point is reached, some iron carbides remain undecom- 
posed and these are not completely oxidized in the subsequent 
combustion in oxygen. Even when the ignition is interrupted 
at the proper point, the results are low. 

The conclusions as to the action of cupric ammonium chloride 
solution on steel are the following: 1. The reaction, which ap- 
parently is very rapid, is really, in its last stages, at the ordinary 
temperature, quite slow, and often requires many days to com- 
plete it. 2. On account of the presence of chlorine in the car- 
bonaceous residue it is necessary to burn it in a tube containing 
lead chromate instead of the usual copper oxide. 3. By toolong 
standing in contact with the copper solution a part of the carbon 
is lost either by solution or by a gradual throwing off of gaseous 
hydrocarbons. ‘The series of carbon results obtained by allow- 
ing the copper solution to act on samples of steel borings from 
sixteen hours to ten days show an increase of carbon to a maxi- 
mum (usually after several days) and then a decrease, owing to 
loss of carbon by long standing in the copper solution. The 
higher results are supposed to be more nearly correct. By use 
of a neutral copper sulphate solution the carbon results obtained 
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were much lower than when the solution of the double salt was 
used. This was plainly due to loss of gaseous hydrocarbons. 
In the standard method proposed by the author he weighs 
from two to four grams of steel into a porcelain boat and covers 
the sample with a layer of powdered fused lead chromate. The 
boat is pushed into a porcelain tube and heated to a white héat 
in a specially constructed combustion furnace provided with 
blast of air. From thirty to forty minutes are required to com- 
plete a determination. A few of the more important determina- 


tions are the following : 
A B. Cc D. 


Carbon (average, by author’s method) ......-.+++. 0.63 0.74 1.00 1.05 
Carbon (maximum, by double chloride method) .. 0.63 0.72 0.96 0.99 


For the determination of carbon in chrome steel, ferro-chrome 
and manganese the method seems to give higher and probably 
more trustworthy figures than the methods heretofore used. 

In his work with the double chloride of copper and ammonium 
solution the author seems to have failed to profit by the work of 
the American committee on international standards. If his dou- 
ble chloride solutions had been absolutely free from carbonaceous 
matter and had been strongly acidified with hydrochloric acid 
as the committee found essential, it is probable that the results 
would have agreed closely with those obtained by his ingeniously 
devised direct combustion method. 


GERMAN ECONOMY IN IRON [MANUFACTURE.' 
By FRANK H. MASON, CONSUL-GENERAL. 

T has been recently noted in England with something like 
alarm that the production and export trade of iron and steel 

in Germany have been steadily growing during the past ten 
years at a rate out of all proportion to the development of Great 
Britain in the same field, and that railway wheels, ties, axles, 
wire, etc., of German origin are not only making serious inroads 
upon foreign markets which British exporters have hitherto almost 
exclusively controlled, but are now sold to some extent in Eng- 
land. The fact that, in spite of all advantages which English 
ironmasters derive from long experience, cheap and abundant 


1 Consular Reports, No. 155, August, 1893. 
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coal, and unequaled shipping facilities, they are now undersold 
on their own ground by their German rivals would seem incredi- 
ble if it were not sustained by actual statistics; and it may be 
of interest to American metal workers to examine briefly the 
more obvious causes of the notable progress of Germany in this 
important branch of industry. 

It is conceded that until about 1880 the British export trade 
in iron and steel was all that could be reasonably desired. Not 
only in respect to coal and skilled labor, but in facilities for im- 
porting ores from Spain, Scandinavia, and other foreign sources 
and for exporting their product, the English and Welsh furnace 
men seemed to have a secure advantage over their continental 
rivals. But it is now found that English exports of railway iron 
and steel have fallen from 1,000,000 tons per annum a few years 
ago to 703,370 tons in 1891 and 467,986 tons in 1892, while Ger- 
man exports of the same products, which had scarcely begun in 
1880, have risen to 198,421 tons in 1890 and 233,943 tons in 
1891, with a total export of pig and finished iron and steel 
amounting to a yearly average of 1,050,000 tons. Not only this, 
but, in spite of the increased cost of coal in Germany, due to 
higher wages demanded by miners and the steadily increasing 
coal consumption in face of a definitely limited supply, the metal 
production of Germany has continued to increase. The propor- 
tions of this growth will be apparent when, with the fact in mind 
that in 1870 the total output of Germany was only 886,000 tons 
of iron and 125,000 tons of steel, we consider the following 
statistics of finished iron and steel manufacture in this country 
during the past two years: 








. Tons, Tons, 

Description. 1891. 1892. 
Bar and section iron....--+-+--eeeeee I, 335,000 1,334,000 
Blooms, billets, and ingots ......... 690,700 790,500 
Plates. cece cccccccccccccccccccccces 417,500 425,100 
Tin plates.......... Ee er ee Ne 21,300 23,400 
Steel and iron rails.--.++-+.+seseeeee 824,800 891,400 
NUE deus ed cee oseuls Ont 40s vated dake 339,200 402,500 
War: siaterislts occ cocnscckeecsatvekas 10, 100 11,100 
TORRE cose edceivnssdsavhwaswee 3,638,600 3,878,000 


se aE Sight 
The increase in 1892, it will be seen, was 239,400 tons. 
Comparing the growth of iron and steel production in Great 

Britain and Germany from 1880 to 1892, inclusive, it appears 
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that, whereas England shows an increase of only seventy per 
cent., Germany has achieved during the same period a net 
growth of nearly or quite 400 per cent. 

A result as striking as this must be the outgrowth of causes 
so radical as to be interesting to all who are concerned, either 
theoretically or commercially, in the metallurgy of steel and 
iron. ‘The growing importance of Germany in this field would 
seem to be due largely to two fundamental facts: (1) The intro- 
duction of the basic process, which enables the iron and steel 
makers of Westphalia, Silesia, and the Saarbriick district to use 
their cheap and abundant native ores; and (2) the unrivaled 
chemical skill of the Germans whereby they have succeeded in 
saving the by-products of coke manufacture, thus deriving a 
revenue from processes which in other countries entail a waste 
of material and financial loss. 

THE BASIC PROCESS. 

Of the basic process itself there is little or nothing new to be 
said. It is understood as fully and practiced as successfully in 
the United States as in any part of the world. But its intro- 
duction into Germany has revolutionized the whole economy of 
steel manufacture in this country. With fair facilities for im- 
porting the richer ores of Spain and Sweden, the German fur- 
nace men found their whole list of native ores available, and 
when special processes were necessary to facilitate the employ- 
ment of materials which had previously been considered worth- 
less, they were invented and applied. In a previous report of 
this series (No. 137, p. 246) an account was given of a special 
process for the desulphuration of raw iron from the blast furnace 
by treatment with manganese, as invented and first practiced in 
direct steel production at Heerde, in Westphalia. This process, 
which has since been adopted at various other points on the 
Continent and in England, secures the production of excellent 
steel.from materials so heavily charged with sulphur as to be 
impracticable for that purpose by ordinary methods. 

ECONOMY OF BY-PRODUCTS OF COKE. 

Equally original and not less important to the general economy 
of iron manufacture are the more recent German improvements 
in coke making, by which the subsidiary products—ammonia, 
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tar, and tar oils, with their valuable elements benzene, anthra- 
cene, etc.—are saved from the waste that attends the ordinary 
coking process. In this special field Germany is now so far in 
advance of other countries that some understanding of the 
methods employed here is important in the present connection. 

The first record of any practical interest in the saving of am- 
monia and tar from the coking process appears in a paper which 
was read before a convention of ironmasters at Dusseldorf by 
one F. W. Lurman in 1858. The main principles involved 
were clearly stated, but the requisite apparatus was so elaborate 
and expensive and the financial results then so doubtful that 
progress was for a long time slow and uncertain. The improved 
methods now in use, and which have produced the best results, 
are mainly the work of the past five years. What is known as 
the Semet-Solvay system is the one principally in use in Bel- 
gium; but the most advanced representative of German progress 
in this direction is probably the Otto-Hoffman coke oven, of 
which there are about 1,550 now in use—535 in Westphalia, 700 
in Silesia, seventy-five in the Saar district, and 240 in Austria. 
Although elaborate and costly in construction, this oven is dura- 
ble and, by reason of its great saving in gas, highly economical 
in operation, aside from its efficiency in saving the subsidiary 
products. The complete apparatus is a combination of the Otto 
oven (thirty-two feet long, sixteen inches wide, and five and 
one-half feet high) with the Siemens regenerator in such man- 
ner that the air to be used for the combustion of gases is first 
heated to a temperature of about 1800° F. 

For the most economical service these ovens are built in 
groups or batteries of sixty, and half the number are alternately 
filled each forty-eight hours. The oven has three openings 
through which it is charged from above with six and one-half tons 
of air-dried coal. The openings being then tightly closed, heat is 
applied, and the gases generated are drawn off through collect- 
ing pipes by the action of a suction fan into coolers and scrub- 
bers, where the tar and ammonia are deposited in water by 
mechanical distillation. The gas, thus purified of tar and am- 
monia, is then reconducted to the bottom of the ovens, where it 
is mingled with the heated air above mentioned and burned as 
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fuel in the process of roasting the coal. The percentage of gas 
produced varies somewhat with the quality of coal used; but 
with all the German coals the gas thus generated is greatly in 
excess of what is required for heating the ovens, and the surplus 
is available for making steam, lighting, and for other purposes, 

The water from the coolers and scrubbers, charged with the 
ammonia that has been absorbed from the gas, is subjected to heat, 
‘ which expels the ammonia as vapor, which in presence of sul- 
phuric acid forms sulphate of ammonia, a white salt that is ex- 
tensively used for fertilizing purposes. The tar, by reason of 
its gravity, settles to the bottom of the water and is easily sepa- 
rated. Itis more valuable than the tar produced in the ordinary 
manufacture of illuminating gas, on account of its greater per- 
centage of benzene and anthracene. For a long time there pre- 
vailed among German ironmasters a notion that coke produced 
by any process that saved the by-products was thereby injured 
‘ for iron-making, but this is now completely dispelled. The 
. coke made by the above process is conceded to be of the highest 
quality for all purposes. 

The operation of coking requires in the Otto-Hoffman ovens 
4 from twenty-four to forty-eight hours; and the product from 
good air-dried coal containing from fifteen to seventeen per cent. 
of water is about seventy-six per cent. of coke, 1.15 to 1.25 per 
cent. of sulphate of ammonia, and from 2.5 to 4 per cent. of tar. 
In a recent number of the Journal fir Gasbeleuchtung und 
Wasserversorgung (Munich) the following résumé is given of 
the actual work of a battery of sixty ovens, operating with local 
coal in the three principal mining districts of Germany. 


One ton of coal produces: 
+ Sulphate of 


Coke. Tar. ammonia. 

District. Pounds. Pounds. Pounds. 
Ruhr ..ccccccccceces seeeee 1,672 60.5 25-3 
Silesia ...... RE ee oe 1,496 93-5 26.4 
Se Sbns o8'ss dtew ee Seaw eb de 1,540 91.3 18.7 


The yearly product of sixty ovens is: 
Sulphate of 


Coke. Tar. ammonia. 
District. Tons. Tons. Tons. 
Raahars 00% 0:.5:0000: cesses + 51,300 1,860 780 
ESS EE rr er 48,000 3,000 840 


Bota s Cbwcad eee 492 
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The generation, consumption, and surplus of gas for one oven 


per day are as follows: 
Production. Consumption. Surplus. 


District. Cubic feet. Cubic feet. Cubic feet. 
WD sali isan o alcisialse guides 32,000 19,200 12,800 
Upper Silesia -.--...- 36,800 20,800 16,000 
SE or eee 32,000 19,200 12,800 


So that a battery of sixty ovens, working under the above 
conditions, would furnish gas for their own heating and yield a 
surplus of from 76,000 to 96,000 cubic feet per day to be used 
for other purposes. It is reckoned in practice that 100 cubic 
meters (3,200 cubic feet) of this surplus coke gas is equivalent, 
for purposes of heating, to 87.5 kilograms (193.5 pounds) of 
coal; and the saving of fuel in working sixty coke ovens would 
therefore be: 


Per day. Per year. 
District. Kilograms. Tons. 
are eet Pere ee 21,000 7,560 
ETE OEP CEE Le 26,250 9,450 
eT CERT CT TT Ce IT Tee 21,000 7,560 


But, since the Otto-Hoffman oven involves, also, the use of 
the other appliances which require heat to the extent of one- 
third the amount saved in the form of gas, it follows that the 
actual economy in fuel is about two-thirds of the above totals 
expressed in coal. Add to this saving of coal the two by- 
products—sulphate of ammonia, worth in the market $5.23 per 
100 kilograms (220 pound’), and tar, worth about ninety-five 
cents per 100 kilograms—and the enormous profits which are 
claimed for this system do not appear incredible. 

From another, but trustworthy, source it is announced that 
the revenue actually derived from the tar and ammonia produced 
by one year’s working of a group of sixty ovens in Westphalia, 
which cost in construction $166,000 (or $2,766 each), was $40,200, 
or about twenty-five per cent. on the capital invested in the 
plant. The price given above does not include the cost of con- 
densing apparatus, which, although it is not a part of the oven, 
is worked in connection with it. 

It should not be understood from the foregoing that the Otto- 
Hoffman isthe only highly improved coke oven in Germany which 
saves the secondary products. There are, in fact, several others 
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of later construction for which their inventors claim certain 
points of superiority over the Otto, but the latter has been long- 
est in-use and is therefore the best known. From the known 
aggregate product of tar and ammonia in this country, it is 
calculated that there are at present in operation in the country 
not less than 3,000 coke ovens which save the subsidiary pro- 
ducts, so that the 1,550 Otto ovens in operation are something 
more than half the entire number of all kinds in actual use. 

A comparison of the results obtained by the Semet-Solvay 
system in Belgium with those realized by the best German 
ovens shows a clear advantage in favor of the latter. In the 
Semet ovens an intense degree of heat is generated, so that it is 
not found necessary to combine them with regenerators to heat 
the air which is to be used in combustion. ‘They are therefore 
considerably. cheaper in construction; but, on the other hand, 
the Semet requires for good results a special mixture of ‘‘fat”’ 
and ‘‘lean’’ coal that is not always easy to provide, and, while 
the coke thus made is of a high and uniform quality, it produces 
much less ammonia, tar, and gas than the best German ovens, 
and is therefore in the end less profitable. 

The direct production of benzene in the coking process is dif- 
ficult, but it has been successfully accomplished during the past 
year by an inventor at Dortmund, whose process is thus far a 
secret. So far as can be ascertained, from six and one-half 
to fifteen pounds of benzene are obtained from a ton of dry coal; 
and, as benzene is an important element in anilin manufacture, 
it may be ranked among the products that will always have a 
standard value. The effect of the 3,000 improved coke ovens 
now in use in Germany and Austria has been to greatly increase 
the supply and reduce the market values of the by-products 
which they secure. Sulphate of ammonia, which, besides its 
uses as a fertilizer, is largely employed in making ice and in 
soda manufacture, was in 1883 worth $7.37 per 100 kilograms, 
but now sells for about $5.25; and tar has declined from $1.30 
per 100 kilograms to ninety-five cents in the same period. Not- 
withstanding this decline, the profits derived from these two 
subsidiary products of coke manufacture are stated by good 
authorities to be as high as forty per cent., all of which goes to 
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the credit side in the general account of Germany’s mining and 


metal industries. 


But this is not all. 


Still another point in which the Germans 


secure an important advantage, especially as respects their 
American competitors, is in economizing the waste and coarser 
forms of fuel. It is conceded that Americans are masters of 
economy in labor, but they are extravagant with materials. In 
our country millions of tons of coal dust—the waste of mines, 
railways, and iron mills—are thrown away as useless. An 
official commission, after exhaustive study of the subject, has 
recently published the astounding information that for every ton 
of anthracite coal mined and marketed in Pennsylvania, one and 
one-half tons are wasted; and the loss in bituminous coal, 
although somewhat less, is still enormous. In Germany, France, 
and Belgium all this refuse coal dust is carefully saved. Part 
of it is mixed with pitch derived from tar distillation and molded 


into ‘‘ bricquettes, 


” 


which are used as fuel for locomotives, sta- 


tionary engines, and household grates. The remainder of this 
finely pulverized carbon is blown by jets of live steam into 
various kinds of furnaces, where it burns with almost the fierce- 
ness of crude petroleum. Coal dust from mines costs in Ger- 
many twenty-five cents per ton on cars, or in large quantities 
$2.38 per carload of ten tons, and the care with which it is saved 
and utilized adds an important percentage to the fuel supply of 
this country. It is by this application of scientific economy to 
every stage of manufacture, the saving of secondary products, 
and the invention of new processes and machinery to work most 
advantageously native materials that the German iron and steel 
makers have been able to face without disaster the declining 
metal markets of the past four years. 

The question may be fairly asked whether the time has not 
come for Americans to study far more carefully than they have 
studied hitherto the scientific economies of manufacture. Euro- 
peans stand aghast at the recklessness with which our forests 
and mines and petroleum deposits are being exhausted and the 
soil of vast acres drained of its fertility by forms of culture 
which wring a yearly crop from the land, but give back little or 


nothing in return. 





There are in nearly every coal-mining dis- 
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trict in the United States great mounds and embankments of 
discarded slack and coal dust which, under a better system 
might be utilized as fuel; and fortunes are lost every year in 
the clouds of gas and smoke that rise from the coke ovens of 
Virginia, Pennsylvania, Ohio, and Alabama. With soda, salt, 
and phosphate beds in a dozen states, we import the heavy 
chemicals for soap and paper making and annually purchase 
from Europe sulphuric acids and chemical fertilizers which 
ought to be made at home. There is a lesson in the coke ovens 
and chemical laboratories of France and Germany which the 
economists and manufacturers of America can not study too 
thoroughly nor too soon. 


NEW BOOKS. 


RESEARCHES UPON THE PHENOMENA OF OXIDATION AND CHEMICAL 

PROPERTIES OF GASES. By FRANCIS C. PHILLIPS.' 

The dissertation, which is reprinted from the 77vansactions of 
the American Philosophical Society, 17, May 26, 1893, is pub- 
lished in two parts, the first of which deals with: 

(a) Phenomena of Oxidation of Hydrogen, Carbonic Oxide, 
Gaseous Paraffins, Olefines, and Acetylene. 

(6) Qualitative Reactions of Gases. 

(c) Substitution Products of the Action of Chlorine Upon 
Methane. 

(d) Preparation of Halogen Compounds of Alkyls and Ole- 
fines. 

In (a) the author has directed his experiments chiefly towards 
ascertaining the temperatures at which combustible gases, when 
mixed with air and passed over asbestos impregnated with 
various metals, will unite with oxygen. Asbestos fiber was 
coated with the different metals by moistening the asbestos with 
a solution of the chloride of the metal and then dropping alcohol 
on the fiber and igniting it. The metals employed were pal- 
ladium, gold, platinum, iridium, osmium, rhodium, and _ pal- 
ladium-platinum. About 0.3 gram of the asbestos thus prepared 


1 Dissertation for the degree of Doctor of Philosophy, University of Pennsylvania. 
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was placed in a glass tube of one-eighth inch bore, and this 
tube was heated in an iron oven, the lower portion of which 
was filled to the level of the glass tube with iron turnings. A 
thermometer inserted into the turnings gave the temperature. 
Above 300° the temperature was approximately determined by 
inserting into the iron turnings glass tubes containing small 
amounts of different salts of known melting points. 

In the experiments upon the oxidation temperatures of the 
hydrocarbons, air containing a small measured percentage of the 
hydrocarbon was freed from carbon dioxide by shaking with 
caustic soda solution, then dried by sulphuric acid, and the gas 
mixture was then passed through the glasstube. The formation 
of water was detected by inserting in the farther end of the glass 
tube a mixture of crystallized ferrous sulphate and potassium 
ferricyanide, the salts being ground separately and mixed just 
before using. Carbon dioxide was detected by passing the 
escaping gases through lime water. 

The gases whose behavior under the above conditions was 
investigated were hydrogen, methane, ethane, propane, isobu- 
tane, pentane, heptane, ethylene, propylene, trimethylene, isobu- 
tylene, acetylene, benzene, alcohol vapor, and carbon monoxide. 
The gases were carefully prepared and purified, but it does not 
appear that the author assured himself of their purity by quan- 
titative analyses. 

The author states the results of this group of experiments as 
follows : 

‘‘;, The temperature of oxidation is mainly dependent upon 
the solid bodies with which the gas is in contact. 

‘‘2, Two phases are often, but not always, to be observed in 
the process of oxidation. As the temperature rises a point is 
reached at which a minute and scarcely recognizable trace of 
carbon dioxide appears. After the slow oxidation has con- 
tinued for some time and gradually increased during a rise of 
temperature of twenty, thirty, or even more degrees, a sudden 
intense reaction occurs in the lime water. * * * Very often 
this slow oxidation is not observed and the carbon dioxide 
reaction occurs in the lime water suddenly and with full in- 


* * * 
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‘3. The oxidation of a hydrocarbon by air, under conditions 
similar in all respects, does not occur always at the same tem- 
perature. * * * A variation in the proportion of hydro- 
carbon and air does not seem to materially influence the 
oxidation temperature. 

‘4. The paraffins are the most stable towards heated air in 
presence of palladium. Acetylene and carbonic oxide stand 
next in order. ‘The olefines are the most easily oxidized. 

‘5. Of the members of the same homologous series of hydro- 
carbons, the lower are the more stable towards oxidizing influ- 
ences. 

‘*6, Hydrogen stands alone among combustible gases in 
undergoing oxidation under the influence of palladium-coated 
asbestos in the cold. 

‘‘7, Oxidation of gaseous hydrocarbon in excess of air in- 
volves the simultaneous formation of carbon dioxide and water. 

‘8. In all cases where air is in excess, oxidation is complete 
(7. e., yielding only carbon dioxide and water), even though a 
considerable portion of the hydrocarbon may escape unchanged. 
With insufficient air supply, carbon dioxide may be partly re- 
placed by carbon monoxide among the products of oxidation. 

‘‘9,. As regards oxidizing power, the metals which I have 
studied might be arranged in the following order, beginning 
with the most active: (1) osmium, (2) palladium, (3) plati- 
num, ruthenium, (4) iridium, (5) rhodium, (6) gold. 

‘‘to, At a bright red heat and in excess of air, palladium 
asbestos causes oxidation of all hydrocarbons as efficiently as 
does ignited oxide of copper. 

‘‘11. Glowing of the palladium is by no means essential to 
slow oxidation. * * * 

‘‘12, The proportion of finely divided metal used upon asbes- 
tos seems to be immaterial. Palladium asbestos containing two 
per cent. of palladium is nearly as efficient as that containing 
thirty per cent.’’ 

In (4), part 1, are given the qualitative reactions of a number 
of gases upon various reagents in solution, and upon reagents 
used in solid form and heated to any desired temperature. The 
gases investigated are hydrogen, methane, ethane, propane, 
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isobutane, heptane, ethylene, propylene, isobutylene, trimethy- 
lene, carbon monoxide, acetylene, allylene, carbon oxysulphide, 
methyl hydrosulphide, methyl sulphide, nitrogen, and oxygen, 
and the action of carbon monoxide upon methane at high tem- 
peratures is tested. As the experiments do not admit of being 
given in condensed form, the reader must be referred to the 
original for details. Mention may, however, be made of a 
delicate reaction for hydrogen, which, according to the author, 
will detect one-twentieth of one per cent. of hydrogen in a 
neutral gas. It consists in passing the dry gas mixture over 
dry, cold, palladious chloride. The salt is decomposed with 
the evolution of hydrochloric acid, which is detected by passing 
it into dilute silver nitrate solution. 

(c), part 1, contains a brief description of results obtained by 
passing a mixture of chlorine and methane through a heated 
combustion tube filled with bone black. The chief products 
seemed to be methyl chloride and tetrachlormethane, only 
small amounts of dichlormethane and chloroform being formed. 

In (d), part 1, the preparation of halogen compounds of 
alkyls and olefines, and the literature of the subject are briefly 
discussed. 

Part 2 is divided into: 

(a) The Composition of Natural Gas as Found in Western 
Pennsylvania and Other Regions. 

(6) A Method for the Quantitative Analysis of Natural Gas. 

(c) The Origin of Natural Gas and Petroleum. 

In this last the different theories are considered in considera- 
ble detail, the author differing from Engler and Mendelejeff, 
and upholding the theory of vegetable decomposition. 


L. M. DENNIS. 














PROCEEDINGS. 


MINUTES OF THE COUNCIL OF THE AMERICAN 
CHEMICAL SOCIETY, 1893. 
FEBRUARY 26, 1893. 

The following is a copy of a communication received from H. 
W. Wiley, Washington, D. C.: 

‘‘We the undersigned respectfully petition the Board of Directors to 
incorporate the Washington Chemical Society as a local section of the 
American Chemical Society.”’’ 

[SIGNED. ] H. W. Wiley, 
E. A. de Schweinitz, 
F. W. Clarke, 
Geo. Steiger, 
Charles E. Munroe, 
W. M. Mew, 
Robt. B. Warder. 


Also a similar paper was received, signed by 
Wm. H. Seaman, 
Jas. H. Griffin, 
Claude A. O. Rosell. 


To the above application, the following was added: 

‘‘We the undersigned members of the council of the American Chemi- 
cal Society, hereby request the Board of Directors to issue to the persons 
who have signed the above petition, a charter for the establishment of a 
local section of said society in the city of Washington, D. C.’’ 


[SIGNED. ] J. W. Mallet, 
A. B. Prescott, 
Alfred Springer, 
T. H. Norton, 
George F. Barker, 
Theodore G, Wormley. 
G. C. Caldwell, 
L,. M. Norton, 
John Howard Appleton, 
C. F. Chandler, 
Albert C. Hale,' 


1 Note. As the constitution of the society does not provide for incorporating any other 
organization as a local section of the American Chemical Society, but merely for the 
formation of a local section ‘by the Board of Directors on receipt of a written request 
to that effect, signed by ten members of the society and endorsed by a majority of the 
council,’ the ten members above mentioned sent a new petition to the Board of Direct- 
ors in conformity with the requirements of the constitution, and the Board of Directors 
thereupon issued to said ten members, under date May 10, 1893, a charter for the forma- 
tion of a local section of the American Chemical Society in the city of Washington, D. C. 
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APRIL 12, 1893. 
Prof. Edward Hart, Easton, Pa., was elected editor and third 
member of the Committee on Papers and Publications for the 
year 1893. 
The following named persons were elected members of the 
society : 
Cary, J. S., Chicago, Ill. 
Hoskins, Wm., Chicago, Il. 
Heidenhain, H., Chicago, Ill. 
James, George, Chicago, III. 
Julian, Frank, South Chicago, I11. 
Kennicott, C. L., Chicago, I11. 
Liebmann, Adolph, Manchester, Eng. 
Low, W. H., Chicago, Ill. 
Puckner, W. A., Chicago, Il. 
Sauer, H. E., Chicago, I11. 
Stillwell, J. S., Prince’s Bay, Staten Island, N. Y. 
Stuart, E. B., Chicago, I11. 
Wickhorst, Max, Aurora, III. 


, APRITI, 28, 1893. 
The Committee on Papers and Publications, having received 
the following proposal, submitted it to the council, requesting 
them to approve or disapprove of making a contract with the 
Chemical Publishing Company in accordance with proposed 
terms. The council thereupon voted to approve a contract for 
an edition of seven hundred and fifty (750) copies at the rate of 
$1.90 per volume in accordance with the terms of the proposal.' 
° 


PROPOSAL. 
Easton, Pa., April 17, 1893. 
To THE COMMITTEE ON PAPERS AND PUBLICATIONS, AMERICAN CHEMI- 
CAL SOCIETY. 
Gentlemen : 

We hereby propose to publish the Journal of the American Chemical 
Society, guaranteeing twelve (12) numbers per year, with a minimum 
of seven hundred and twenty (720) pages at the following rates : 

For an edition of seven hundred and fifty (750) copies, at the rate of 
$1.90 per volume; for an edition of one thousand (1000) copies, at the rate 
of $1.80 per volume. This includes wrapping, mailing, and everything 
in the way of expense of publication, except cuts, which the Society 
shall pay for at cost. When requested by the author at the time the 

1 Note. Ata meeting of the Board of Directors of the American Chemical Society held 
June 8, 1893, a contract for 1000 volumes of the Journal was authorized upon the terms 
of the proposition submitted by the Chemical Publishing Company. 
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manuscript is submitted, twenty reprints will be furnished without cost ; 
a larger number than this will be charged for. 

It is understood that we are to have the use of one advertising page for 
our own advertising exclusively without cost to either party. 

We guarantee that the paper and typography and illustrations shall be 
in every respect equal to those of the current volume of the Journal of 
Analytical and Applied Chemistry. 

Respectfully, 
CHEMICAL PUBLISHING COMPANY, 
per Eugene C. Foster, Manager. 

The following named persons were elected members of the 
society : 

Andrews, Geo. F., Cornell and Andrews, Providence, R. I. 
Hewitt, Edward R., 13 Lexington Ave., New York City. 
Westessan, J. P. L., Navy Yard, Washington, D. C. 
Williams, Henry J., 161 Summit St., Boston, Mass. 


May 1, 1893. 
Ordered by the council that the report of the general secretary 
on the condition of the American Chemical Society be printed 
for the information of members and others interested. 


MAy 27, 1893. 
Dr. C. B. Dudley, of Altoona, Pa., was elected a member of 
the council for the remainder of the year 1893, to fill the vacancy 
caused by the death of Prof. L. M. Norton, of Boston, Mass. 
Prof. Norton’s death occurred April 26, 1893. 


JUNE 7, 1893. 
The following named persons were elected members of the 
society : 
Adamson, George P., Easton, Pa. 
Baker, John T., Easton, Pa. 
Baker, Haydn M., M. D., 27 Hart St., Brooklyn, N. Y. 
Clymer, Lee S., Hellertown, Pa. 
Crawley, J. T., Audubon Park, New Orleans, La. 
Daly, B., 813 Fifth St., N. W., Washington, D. C. 
Foster, Eugene C., Easton, Pa. 
Green, Charles B., Easton, Pa. 
Jones, Clemens, Easton, Pa. 
Lee, Fitzhugh, Easton, Pa. 
Peckitt, Leonard, Catasauqua, Pa. 
Shimer, Prof. Porter W., Easton, Pa. 
Scholl, George S., Catasauqua, Pa., 
Wiborg, F. B., Clifton, Cincinnati, O. 
Westenhoff, John Hermann, 17 W. 3rd St., Cincinnati, O. 
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The following was adopted: 

‘Resolved that the general meeting of the American Chemical Society 
for the summer of 1893 be held in Chicago at such date as may be deter- 
mined by the committee appointed by the society to arrange with the 
World’s Fair Auxiliary of the Columbian Exposition for an International 
Congress of Chemists.’’ 


Some days later the decision of the committee was announced 
as follows: 


474 Waverly Ave., Brooklyn, N. Y., 
Prof. A. C. Hale, June 27, 1893. 
Sec’y American Chemical Society ; 
Dear Sir: 

The committee appointed to co-operate with the World’s Congress 
Auxiliary, to whom was referred the time at which the general meeting 
of the society for the summer 1893 shall be held in Chicago, have deter- 
mined upon August 21 as the date for the beginning, and that it shall be 
held.in conjunction with the World’s Congress of Chemists beginning 
on the same date. 

Very respectfully, 
Wm. McMutrtrie, 
Chairman committee to co-operate with the World’s.Congress Auxiliary. 


JUNE 15, 1893. 
The following proposition of Prof. Edward Hart, of Easton, 
Pa., submitted to the Council May 15, 1893, and to the Board of 
Directors June 8, 1893, and agreed to by that body on the last 
mentioned date, was approved by the Council June 15, 1893: 


“(a) That I suspend the publication of my Journal with the June num- 
ber, and for the rest of the year send to my subscribers the numbers of 
the Journal of the American Chemical Society instead; the expense of 
printing, binding, and mailing the additional copies required for this 
purpose to be defrayed by me. This plan gives my subscribers the 
society’s journal for six months and will doubtless lead to a largely in- 
creased membership. 

‘“(b) That in case the journal of the society shall at any time cease to 
be published by the Chemical Publishing Company, the American Chemi- 
cal Society shall then, if I so desire, take all complete volumes of the 
Journal of Analytical Chemistry and of the Journal of Analytical and 
Applied Chemistry then in my hands, paying for them at the rate of one 
dollar ($1) per volume, unbound. The total amount to be paid shall in 
no event exceed $400. It is also understood that if additional copies of 
any number shall have been reprinted in the meantime, such additional 
copies shall not be included unless the society so desire.”’ 
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JUNE 30, 1893. 
The following named persons were elected members of the © 


American Chemical Society: 
Allen, Charles M., Pratt Institute, Brooklyn, N. Y. 
Becnel, Lézin A., McCall P. O., La. 
Bird, Maurice, Calhoun, La. 
Blonin, R. E., Baton Rouge, La. . 
Bouton, Miss Rosa, P. O. Box 675, Lincoln, Neb. 
Brinker, H. L., P. O. Box 223, So. Bethlehem, Pa. 
Broberg, F. G. Abel, Landing, N. J. 
Buck, C. Austin, So. Bethlehem, Pa. 
Burney, W. B., Columbia, S. C. 
Chandler, Wm. Henry, So. Bethlehem, Pa. 
Davis, Wm. Walley, Roanoke, Va. 
Edson, Hubert, Patterson, La. 
Fulmer, Elton, P. O. Box 372, Lincoln, Neb: 
Hays, Joseph A., 147 S. 18th St., Pittsburg, Pa. 
Kiefer, Herman Eugene, So. Bethlehem, Pa. 
Landis, H. K., So. Bethlehem, Pa. 
Lee, J. G., N. La. Exp. Sta., Calhoun, La. 
Lehman, Adolph L. F., Audubon Park, New Orleans, La. 
Martin, Oscar W., Hughes High School, Cincinnati, O. ° 
McFarland, Chas. S., Burnside, La. 
Metz, A. L., Tulane Medical College, New Orleans, La. 
Morse, J. H., St. Patrick P. O.,'La. 
Richards, Joseph W., Bethlehem, Pa. ° 
Ross, B. B., Baton Rouge, La. 
Roussel, J. N., Audubon Park, New Orleans, La. 
Semple, Henry B. Jr., Easton, Pa. 
Shober, Niel B., So. Bethlehem, Pa. 
Smith, Ernest Ellsworth, 1104 Lexington Ave., N. Y. 
Spanutius, Fred. W., So. Bethlehem, Pa. 
Stubbs, W. C., Audubon Park, New Orleans, La. 
Townsend, Clinton P., Donaldsonville, Ascension Parish, La. 
Wyndham, Stanley, Ph.D., Judson, Florida. 

The following named were elected associates: 
McQuaid, W. M., Audubon Park, New Orleans, La. 
Robinson, L. W., Sugar Land P. O., Texas. 

Roth, David M., 36 Ingleside P1., Cincinnati, O. 








